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THE ADMINISTRATION OF SULFONAMIDE MICRO-CRYSTALS 

BY INHALATION* 

By T. N. Harris, M.D. 

Harriet E. Sommer 

AND 

Charles C. Chapple, M.D. 

PHILADELPHIA, PA. 

(From the Department of Pediatrics, School of Medicine, University of Pennsylvania, 

• and the Children’s Hospital of Philadelphia) 

The usefulness of the sulfonamides has been limited by their 
low solubility in water. For parenteral administration the water 
solubility is so low that an effective dose of the drug requires large 
volumes of solution. The sodium salts of the sulfonamides, on the 
other hand, are more soluble in water, but their extreme alkalinity 
limits their use in parenteral injection or application to mucous 
membranes.^ There are some exceptions to these limits of useful- 
ness,®’®'® but any form of the drugs which could increase their pos- 
sible modes of administration would obviously be valuable. 

Recently Chambers and his associates® developed a method for 
producing aqueous preparations of the sulfonamides which are 
neutral in reaction, yet adequately concentrated. They prepared 
minute crystals, “micro-crystals,” of these drugs, which form a 
stable aqueous suspension resembling milk of magnesia in physical 
properties. This preparation can be injected through fine hypo- 
dermic needles, poured into the interstices of wounds or sprayed 
to form a sulfonamide “fog” in the air. Experiments on the 
use of this micro-crystal suspension in wounds have been reported 
elsewhere.^ This paper is concerned with the administration of 
sulfonamides by inhalation, b}’- introducing sulfonamide smoke into 
the air. 

* Aided by a grant from the Smith, Kline & French Laboratories, Philadelphia. 
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Method. The siilfathiazole “smoke” used in* these e.Kperiments wob 
<l('rived from a 5% aqueous suspension of sulfathiazole micro-crj’stals.* 
The su«jjei)sion was introduced into an atomizer supplied with compressed 
air which produced a finelj' divided spray. The resultant spray was led 
into a chamber containing Swi^s white mice weighing about 20 gm. In 
(Ids chamijcr the droplets quickly dried, leaving tiie sulfathiazole “.smoke” 
in the air. :Mo«t of the particles of sulfathiazole in air were about 1.6 to 
-1 .8 micra in diameter. Larger cty.stals Avere also found. 

Plmrmacolngk Ki-pnimnik. A number of experiments were per- 
formed to determine the effect on normal mice of prolonged inhala- 
tion of such “smoke.” Groups of mice were placed for different 
lengths of time in a chamber containing the sulfathiazole smoke 
and Avcrc examined at various intervals tiiereafter. 

d’iie mice were examined for general ill effects and for any gross 
eliange.s in the Inng.s. Analyses for sulfonamide concentration in 
the blood and for total sulfonamide content of the lungs and stomach 
were carried out. 
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No general ill effects were observed in the mice during or after 
the inhalation of the sulfathiazole smoke and gross examination of 
the lungs at different intervals up to several days after the inhala- 
tion revealed no changes except for mild hyperemia soon after the 
inhalation. 

Typical results of the analyses for sulfonamide are shown in 
Table 1. 

In order to determine whether significant amounts of sulfathiazole 
can be absorbed from the lungs, tracheotomj^ and ligation of the 
esophagus were performed on guinea pigs and the tracheotomy 
tube was exposed to the spray. Control guinea pigs were exposed 
to sulfathiazole spray in a chamber. The results of this experiment 
are shown in Table 2. 

Table 2. — Bi.oou Sulfathiazole Concentbations in Nohmal and 
Tkacheotomized Guinea Pigs 

Tracheotomized Normal 

Pig I. — 3.46 mg./IOO ce. ^ 3 89 mg./lOO ce. 

Pig 2. — 1.93 mg./IOO cc. 


Finally, to indicate whether the blood levels attained in normal 
mice exposed to the smoke were due primarily to pulmonary or 
gastro-intestinal absorption, sulfathiazole was administered by 
gavage to normal mice and its effect on the blood level determinecl. 
It was found that 10 mg. of sulfathiazole placed in the stomach 
gave rise to a blood concentration of 12-13 mg./IOO cc.; and 5 mg. 
in the stomach, to a maximum level of 4-5 mg./IOO cc. Amounts of 
sulfathiazole such as those found in the stomachs of our mice could 
not then be considered of major importance in the blood levels 
observed since the gastric contents never exceeded 0.25 mg. follow- 
ing inhalation of the smoke. 

As a control on the particular usefulness of the micro-crystals 
for sulfathiazole inhalation, mice were exposed to a spray of sodium 
sulfathiazole solution under similar circumstances. All these mice 
died within a few hours, their lungs showing grossly an extreme 
hyperemia. 

Chemoihera'peutic Exioerimeiits. An interesting and possibly im- 
portant direction for testing the partieular value of the inhalation 
route of administration of the drug was indicated by the experi- 
ments of Wells and Henle."^ 

It is known that mice are strongly resistant to inhaled pneumo- 
cocei, and can breathe air heavily contaminated with these bacteria 
without ill effects. These authors found, however, that if mice 
had previously inhaled sublethal doses of influenza virus they 
would become more susceptible to inhaled pneumococci, and would 
often develop fatal pneumonia. 

If this could be interpreted as a decrease in resistance of the 
lung to pneumococci, then one could suspect an analogy to a numlier 
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of situations in human medicine. An increase in likelihood of 
secondary bacterial pneumonia complicates a number of important 
infections and toxic states. 

Accordingly, experiments n-ere undertaken to evaluate the effec- 
tiveness of sulfathiazole smoke in secondary bacterial pneumonia 
of mice. Preliminary e.xperiments were done to determine the 
optimal relations among the factors involved. It was found that 
a spray of a 1 : 500 dilution of influenza A virus egg fluid (Strain 
P2) was barely sublethal. IMoreover, if mice exposed to this 
spray were ex-posed to a spray of pneumococcus broth culture G days 
later, 70 to S0% of them would die of pneumonia in a few days. 
Normal mice showed no ill efi’ects from exposure to the same spray 
of pneumococci. 

These factors Avere optimal in that they produced the most 
striking difference in mortality rate between normal mice and mice 
previously exposed to air-borne influenza virus: f. c., the most 
striking evidence of decreased resistance to air-borne pneumococci. 
Experiments AA'crc then carried out to determine Avhether the smoke 
of micro-sulfathiazole could prevent the secondary bacterial invasion 
in mice following a primary sublethal infection with the influenza 
\-irus. Exposure to tiie sulfathiazole smoke lasted 2 to 3 hours, 
4 times a day for 3 days starting witli a period 2 hours prior to 
inhalation of the pneumococci. Six days after exposure to the 
pneumococci, the mice AA'cre sacrificed, the lungs e.vamined gross]y 
and lungs and heart’s blood subcultured and c.xamincd for pneumo- 
cocci. Table 3 illustrates the results from a typical c.vpcriment. 

It is, of course, known that orally-administered sulfathiazole 
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can markedly reduce the mortality of pneumonia, and as a control 
we repeated the experiment shown in Table 3 substituting gastric 
gavage of micro-sulfathiazole suspension for the inhalation. It 
was found that this secondary pneumonia could be successfully 
treated with oral sulfathiazole, provided a sufficiently high blood- 
level were maintained. The results of such an experiment are 
shown in Table 4. 

Discussion. The pharmacologic experiments show that sulfa- 
thiazole ean be administered by inhalation and that high blood 
levels can be attained in this manner. There is also considerable 
evidence that the blood concentration is due to absorption from 
the lung rather than from the stomach. 

The very low amounts of drug found in the lung are of interest, 
since they indicate a very rapid solution into the blood stream of 
the crystals inhaled in the smoke. The mild hyperemia and the 
rather quick rise in blood level during the first hour of exposure are 
consistent with this interpretation. The presence of minute crystals 
of drug may well be a sufficient irritant to stimulate such hj^peremia. 

Wide differences are found between the blood levels of different 
mice exposed under presumably similar conditions, but these are 
very probably due to technical difficulties. First, the chambers 
used thus far have been small ones without circulating devices, 
and the air stream from the spray is fairly forceful (15 to 26 pounds 
per square inch). These mechanical factors probably produce 
great differences in air-concentration of the drug throughout the 
chamber. Secondly, the mice tend to colleet in heaps, partly to 
avoid the direct air stream. The fur of uppermost mice probably 
filters out some of the drug from the air to be inhaled by those 
below. Work is under way now to resolve these technical difficulties. 

The chemotherapeutic results are at the present writing very 
stimulating. We have shown that the inhalation of sulfathiazole 
smoke can strikingly reduce the mortality of secondary pneumonia 
induced by a state of decreased resistance to the pneumococcus. 
There is some reason to suspect that the amounts of drug admin- 
istered were a good deal higher than the threshold value. However, 
a suffieiently high blood concentration of sulfathiazole attained by 
other means can accomplish the same result. 

In the purely therapeutic sense, then, no qualitative superiority 
of the pulmonary over the oral route has been demonstrated thus 
far, and any quantitative difference is yet to be investigated. 

As to possible prophylactic effects, however, the investigation 
of any qualitative difference between the two modes of administra- 
tion seems well worth while. With respect to practical applications 
to human medicine* it would be well to know whether either method 

* Dr. Chappie has kindly made us a simple insufflator, operated with an atomizer 
bulb, which easily introduces the dry micro-crj'stals as “smoke” into nasal or oral 
cavities in sufficient amounts to affect rhinitis or pharyngitis locally as well as pro- 
ducing satisfactory sulfonamide blood levels. We hope that he will report on this 
aspect shortly. — E d. 
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f-au prevent pneumonia to tte exclusion of the other method, since 
])revention is, of course, far preferable to any decrease of mortaliU 
of pneumonia itself. And theoretically, it would be of interest to 
determine whether direct application of sulfatliiazolc to the hut}' 
can increase its cfl'eetive resistance by any local mechanism. 

Summary. A technique is described for producing a ‘‘smoke" 
of sulfonamides in air by spraying a suspension of minute cr\stals. 

INIice inhaling sulfonamide smoke develop high blood concentra- 
tions of the drug. 

This method of administration can be used to reduce greatly 
the mortality due to inhalation of pneumococcus in mice suffering 
with inffuenza. 
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MEDICATION BY CHEWING SULFADIAZINE AND OTHER 
DRUGS INCORPORATED IN A PARAFFIN BASE 

A PRELUVHNARY REPORT 

13 1 .John II. Arnetf. M.D. 

i—iirini I'lion s-on or MiDicisE. cniouiTB pcnooi., CMi or rESssii.visii 
CHIU OI Ml IJICM. "EHMCr "n,” H’l«COPM. lIOapiTAI. 

pun.vDrLi'HiA, r\. 

(Iroiii till Mpdicd Siniic ami the Enliorntorj' of Chpmi'<tr> of the Episcopal 

Hospital) 

Till, iiuorjioratioii of acctyJsalicylic acid, pepsin, phenolphthalein 
and fla\oring agents in chewing gum is too well knoMii to rctinire 
comment. Paraflin, on the other liand. has not, as far as I hate 
been able to determine, been employed in this manner; though the 
chewing of jnire paraffin to jiromote salitary secretion has been 
recommended in the treatment of bleeding peptic ulcer. If drugs 
inciirporated in jiaraflin are '•lowly released in the saliva when chewed 
and if, in the jiroccss of chewing and swallowing, they come info 
intini.ite contact with the gnins, pliarxnx and e-oplingiis. po^si- 
iiilitie- for more effective treatment of gingivitis, stomatitis, pliarv n- 
gilis, and e-ophagitis by this means may be ofiened. The pre-ent 
■■tiuK siigue^ts that sneli i-' the ease. 
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Fifteen milligrams (i gr.) of gentian violet and later 0.3 gm. 
(6 gr.) of metliylene blue were incorporated with 1 gm. (15 gr.) of 
paraffin^' and were given to 13 subjects to chew. Observations 
as to the extent and degree of mucosal staining were made by Drs. 
0. Hirst and J. A. Bertolet, chiefs of services at the l^^piscopal 
Hospital. 



CH.VRT 1.— Level of sulfadiazine in saliva during chewing of 0.3 gm. of the drug 
incorporated in 1 gm. of par.affin in 4 cases. Blood sulfadiazine levels at the end of 
Cases 2 and 4, respecfively, were 1.2 mg. and less tlian 0.8 mg. per 100 cr. 


Eesults. It was found that the dyes .stained the tongue and 
gingival margins deeply; that next in intensity the remaining bueeal 

•f" Paraffin having a melting-point of 50® to 52® C., such as is u.sed in embedding 
pathologic material, is used in cold weather; ordinary' paraffin such as is sold at 
grocery' stores for putting up jellies is satisfactory' only' in summer. In either case 
the paraffin should be warmed in the mouth before being chewed. 

The sulfadiazine paraffin cubes, at present used by' me, are furnished through the 
kindness of Loderle Laboratories, Inc., Pearl River, N. Y*. 
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mucosa was stained; that tlie degree and extent of staining of the 
mucous membrane back of the anterior pillars and soft palate de- 
pended largely upon the position assumed by the patient while 
chewing and swallowing. The tonsils and posterior pharynx were 
usually not stained if the patient assumed the upright position dur- 
ing the experiment; but wdth the subject chewing and swallowing 
in the recumbent position with the head lower than the shoulders, 
the tonsils and posterior pharynx usually became definitelj'' stained. 
The stained area varied, but in no case did the dye reach to the true 
vocal cords, the eustachian tube orifices or the spheno-ethmoidal 
area. Usually it was limited to the structures in close proximity 
to the oral cavity, including the tonsils and posterior pharyngeal 
wall. This was interpreted as indicating the possibility of securing 
maximum local action upon the gums, tongue and buccal mucosa, 
and action to a lesser degree upon the orophar 3 -nx from the chewing 
of medicated paraffin. Action upon the esophagus was taken for 
granted. 

The next step involved the matter of dosage. Eleven subjects 
were given paraffin containing from 0.065 gm. (1 gr.) to 0.3 gm. 
(5 gr.) of sulfadiazine to chew, and serial salivar.v sulfadiazine deter- 
minations were made bj' Miss N. M. Catena, B.S., M.T. (A.S.C.P.). 
It was found that 0.3 gm. (5 gr.) of the drug was the most satisfac- 
torj' amount to incorporate in the paraffin. Four of the resulting 
curves are shown in Chart 1. It will be seen that salivary sulfa- 
diazine levels ranging from 33 to 96 mg. per 100 cc. of saliva (aver- 
age, 66.5 mg.) result from chewing this dose for 2 hours. At the 
end of 3 hours the levels ranged from 42 to 84 mg. per 100 cc. of 
saliva (average, 56.7 mg.). Considering the fact that sulfadiazine 
blood levels of between 5 and 15 mg. per 100 cc. of blood are gener- 
ally' regarded as satisfactory in the treatment of pneumonia and 
that levels of 20 to 25 mg. per 100 cc. were found after 4 hours in 
the saliva, it was thought that the above salivary levels were suffi- 
ciently high to be useful locall 3 ^ The findings indicate that a thera- 
peutic trial of the drug in this dosage is justified, the medicated 
paraffin sticks being given to patients with directions to chew until 
the next meal and then discard. Two or three chews per minute 
is sufficient. The material is left in the mouth throughout the 
night. The paraffin is, of course, quite harmless if swallowed. This 
method of treatment is being tried on a series of cases of tonsillitis 
and pharyngitis, the results to be reported in a later paper. Neo- 
arsphenamine incorporated in paraffin has also been used in the 
treatment of Vincent’s infection of the gums and tonsils, and sodium 
bicarbonate incorporated in paraffin in the treatment of p\'rosis.‘ 

Summary. The incorporation of various drugs in a paraffin base 
to be chewed offers a means of prolonged medication of the mouth, 
pharj'nx and upper gastro-intestinal tract. 
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THE EFFECT OF IRON ON THE HEMOGLOBIN REGENERATION 

IN BLOOD DONORS , 

By Adelaide P. Barer, Ph.D. 

kbsearch assistant 

AND 

Willis M. Fowler, M.D. 

ASSOCIATE PHOFESSOK OF MEDICINE 
IOWA CITi', IOWA 

(From the Department of Internal Medicine, State University of Iowa, College 

of Medicine) 

The present great demand for donors to supply blood and serum 
for transfusions makes it important to know how rapidly the 
hemoglobin returns to its normal level, how frequently blood may 
be taken from an individual with safety, and the advisability of 
therapy to hasten hemoglobin regeneration. A majority of the 
previous reports on this subject have only shown that professional 
donors are able to give repeated donations within a space of a few 
months without developing anemia. Snapper, Liu, Chung and Yu® 
reporting on a group of Chinese donors found that hypochromic 
anemia occasionally developed in those who subsisted on an inade- 
quate diet and that the administration of iron aided in alleviating 
their anemia. Santy^ also has shown that ferrous sulfate increased 
the rate of hemoglobin regeneration in 27 blood donors to whom it 
was administered. With 12 gr. of ferrous sulfate per day, he found 
the regeneration to be 8 times as fast as without iron and concluded 
that it was best to begin the administration of iron before the blood 
donation was made so as to build up an iron reserve to compensate 
for the expected blood loss. 

In a previous communication^ we presented some of the data 
acquired from a study of 200 blood donors who had given a total 
of 636 donations and showed that the average time required for 
the hemoglobin to return to its original level was 49.6 days when 
500 to 600 cc. of blood was withdrawn, and that hemoglobin was 
regenerated at a rate of 0.0495 gm. per 100 cc. of blood per day 
under these circumstances. A majority of the subjects, 74.2%, had 
x'eturned to their original hemoglobin level at the end of 8 weeks, 
but 25,8% required a longer recovery period, up to 15 weeks. When 
an iron salt was administered to a group of 89 of these donors after 
their second blood donation it was found that the rate of hemoglobin 
regeneration was increased by 49% so that the average dailj^ hemo- 
globin increase per 100 cc. of blood was 0.0772 gm. and the recover}' 
period was shortened to 35.2 days. Under these conditions it was 
found that 93.5 of the subjects had regained their normal hemo- 
globin level at the end of 8 weeks. Iron therapy was administered 
continuously and some of these subjects ga^'e as many as 5 dona- 
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tioiis, subsequent donations being given as soon as their normal 
liemoglobin level had been reached. It was found that in spite of 
the continuous iron therapy there was a gradual decline in the rate 
of hemoglobin forination after eacli <!onation until it was being 
formed at a rate whicli was no more rapid than it had been without 
iron therapy. It seemed, therefore, as if iron had progressively 
less effect with its continuous adininistratioji. In Table 1 is shown 
the decline in the average daily hemoglobin regeneration in these 
subjects after repeated donations. If iron were acting only to replace 
an iron deficiencj' it would seem that its effect should remain 
constant, since previous work' has shown that the dose of iron 
which was administered (iron and ammonium citrates 1 gm. per 
day) is sufficiently large to be effective in iron deficiency anemias. 
Balance studies® have shown that from this amount of iron and 
ammonium citrates 53.7 mg. of iron per day are retained in the body, 
whereas the regeneration of 0.0772 gm. of hemoglobin per 100 cc. 
of blood per day would require onlj”^ 12.9 mg. of iron in an individual 
with a blood volume of 5000 cc. The size of the dose would not 
appear to be a factor in the gradual lessening in the hemoglobin 
response. 

Table 1.— Average Daily Hemoolobik Regeneration With and 
■Without Iron Therapy 
(Gm. hemoglobin per 100 cc. blood per day) 

No. of case» 


Donation 

155 

83 

31 

32 

11 

1 

No therapy 

.050 

.052 

055 

055 

.055 

2 

Continuous iron therapy 


.077 

.087 

.101 

.101 

.3 

Continuous iron therapy 



.069 

.072 

.071 

4 

Continuous iron therapy 




.049 

.049 

5 

Continuous iron therapy 





.058 


Iron was administered to groups of these blood donors in alter- 
nating periods with therapy interspersed with recovery periods 
during which no medication was given. The subjects for this 
investigation were predominantly medical students, the resident 
staff, and hospital employees and the data presented here are 
exclusively on male donors. Hemoglobin and hematocrit determina- 
tions were made before the blood donation, 24 hours after the 
donation and at weekly intervals thereafter until the blood hemo- 
globin had returned to its normal level. From these data were 
determined the length of time required for the hemoglobin to 
return to normal, the weekly gain in hemoglobin, and the average 
daily hemoglobin increase per 100 cc. of blood. The methods and 
procedures employed were the same as described in the previous 
communication.^ 

In Table 2 is sho-wn the average daily hemoglobin regeneration in 
2 groups of subjects. In the first group are the results in 4 subjects 
who gave 1 blood donation -Rnthout iron therapy and 6 subsequent 
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donations wliile receiving continuous iron therapy. The second 
grou]) shows the results in 2 subjects who ga'S'c 9 subsequent doiia- 
tions while receiving therapy. It will be noted tliat there is a marked 
increase in the rate of hemoglobin formation during the first recovery 
period on iron therapy but a gradual decline thereafter except for 
a secondary increase during the 5th period on iron tlierapy wliicli 
is again followed by a slowing in the rate of regeneration. 


Table 2. — Avebage Daily Hemoglobin Regeneb^tion 
(Gm. hemoglobin per 100 cc. blood per day) 


No, of cases 


Donation 


4 

2 

1 

No therapy 

051 

045 

2 

Continuous iron therapy 

123 

113 

3 

Continuous iron therapy 

059 

064 

4 

Continuous iron therapy 

059 

.059 

5 

Continuous iron therapy 

044 

053 

(> 

Continuous iron therapy 

093 

105 

7 

Continuous iron therapy 

043 

05G 

s 

Continuous iron therapy 


046 

9 

Continuous iron therapy 


054 

10 

Continuous iron therapy 


070 


Table 3.— Individpal Recobds of Avebage Daily Hemoglobin Regenekvtion 
(Gm. hemoglobin per 100 cc. blood per day) 


Subject 


Donation 


1 

2 

3 

4 

5 

6 

1 

No therapy 

058 

072 

044 

072 

030 

059 

2 

Continuous iron therapy 

.130 

134 

140 

123 

129 

098 

3 

Continuous iron therapy 

114 

044 

044 

064 

059 

068 

4 

Continuous iron therapy 

094 

025 

061 

058 

079 

039 

5 

Continuous iron therapy 

043 

134 

034 

038 

043 

062 

6 

Continuous iron therapy 

035 

042 

088 

076 

161 

048 

7 

Continuous iron therapy 



033 

029 

065 

046 

8 

Continuous iron therapy 





048 

043 

9 

Continuous iron therapy 





040 

069 

10 

Continuous iron therapy 





084 

068 

11 

Continuous iron therapy 






063 

12 

Continuous iron therapy 






090 

13 

Continuous iron therapy 






028 

14 

Continuous iron therapy 






041 

15 

Continuous iron therapy 






157 


The same feature is brought out in Table 3 in which are pre- 
sented individual records of 6 subjects who were similarly treated 
with the continuous administration of iron after recovery from the 
first blood donation. In each instance the first period on iron tlierap\ 
is characterized by a marked increase in the rate of hemoglobin 
regeneration but a slower rate prevails after subsequent donations. 
There is, in individual cases, considerable variation from one period 
to another but except for Case 1 each shows at least one subsequent 
period in which there is a definite secondary increase in hemoglobin 
regeneration. This appears during the 4th or 5th period on iron 
therapy in Cases 2, 3, 4, and 5, while in Case 6 there is an accelerated 
regeneration in the lltli and 14th periods while on iron therapy. 
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It is impossible to say whether or not the iron therapy is responsible 
for this acceleration in the later periods. In cases which were fol- 
lowed through 4 postdonation periods without iron therapy there 
was a moderate increase in hemoglobin formation in the 4th period 
but the change was not marked. From these data there is no 
evidence of a permanent lessening of the hemoglobin regenerative 
power as the rate of production does not drop significantly or 
consistently below the rate which prevailed before iron therapy 
was begun so that repeated donations of blood may be made with- 
out evident harm to the individual as far as hemoglobin formation 
is concerned. It is also apparent that iron therapy does not e.\'ert 
a sustained effect on hemoglobin regeneration. 

Table 4. — Avebage Daily Hemoglobin Increase in Groops Receiving and 
Not Receiving Iron Therapy 
(Gm. homoglobin per 100 cc. Wood per d.iy) 

No. of ca-ses 


Donation 


33 

13 

8 

2 

1 

No therapy 

.055 

.054 

.053 

.001 

2 

Iron therapy 

.073 

.087 

.088 

.121 

3 

No therapy 

.050 

.001 

.003 

.070 

4 

Iron therapy 


.079 

.073 

072 

5 

No therapy 



,065 

.057 

8 

No therapy 



. . 

.024 


In Table 4 is shown the average daily hemoglobin increase in 
groups of donors to whom iron ivas administered after alternate 
donations and withheld after the others. It will be noted that the 
usual increased rate of hemoglobin formation was present during 
the first period of iron administration, but that the subsequent 
administration of iron, while causing an increase as compared to 
the preceding period, did not produce as great a response as was 
obtained with its first administration of iron. In those periods during 
which no medication was given it is seen that the rate of hemoglobin 
regeneration decreases as compared to the preceding periods with 
iron therapy, but it will be noted that tlie rate does not drop to the 
level of the first donation. It appears therefore that the effect of 
the iron previously administered is carried over into the subsequent 
period. This is the type of response that would be anticipated from 
previous studies on the effect of iron therapy on hemoglobin forma- 
tion in which it was shown that there is a peak in the rate of hemo- 
globin regeneration which is followed bj' a decreased regenerati\"e 
rate even though iron is administered continuously.® Since the 
rate of hemoglobin regeneration during the periods without iron 
does not drop below the original control level it does not seem that 
the lessened effect of subsequent iron therapy can be explained 
on the basis of bone marrow exhaustion. It is rather on the basis 
of a lessened effect of iron itself on hemoglobin production. 

In Table 5 are the results obtained in subjects who received no 
therapy after their first donation, iron therapy during 2 subsequent 
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postdonation periods and then no therapy after the following dona- 
tions. In the 1st period of iron therapy a marked increase was 
noted; during the 2d period of iron therapy the response was less 
marked, and then with no therapy the rate of regeneration dropped 
markedly. This illustrates the fact that even with the giving of 
iron for a longer period of time and the storage of larger amounts 
of iron in the tissues during 2 periods of therapy there is still a sharp 
drop in the rate of hemoglobin regeneration when the medication 
is discontinued. Although adequate reserves are built up during 
the preceding periods of therapy, the regeneration of hemoglobin 
drops with the discontinuance of iron. This drop is no greater than 
occurred in the corresponding period shown in Table 1 when iron 
was given continuously so that the decreased rate cannot be laid 
directly to the withholding of iron. This comparable drop in the 
rate of hemoglobin regeneration which occurred in corresponding 
postdonation periods regardless of whether iron is given continu- 
ously (Table 1) or discontinued (Table 5) corresponds to the results 
obtained in mild anemia. To one group of anemias iron was given 
continuously and to a second group it was given for 60 days and 
then discontinued.^ The resultant curve of hemoglobin regeneration 
was similar in both groups and corresponds to the results observed 
in these blood donors. 

Table 5.— Results of Therapy Administration According to Periods 
(Gm. hemoglobin per 100 cc. blood per day) 

No. of cases 

r - '■ ■*' “v 

Donation 7 4 


1 

No therapy 

.047 

.050 

2 

Iron therapy 

.082 

.092 

3 

Iron therapy 

.069 

.077 

4 

No therapy 

.041 

.047 

5 

Iron therapy 

, , 

.059 


It will also be noted in Table 5 that the subsequent administration 
of iron after one period without the medication failed to produce 
as great a response as was previously obtained. There is a slight 
response, however, which is more evident when compared to the 
results shown in Table 6 where iron was withheld for 2 periods. 
In Table 5, Period 5, iron was given, while in Table 6, Period 5, it 
was withheld. With iron therapy during this corresponding period 
there is a definite increase which is not true when iron was withheld. 

In Table 7 the subjects received no iron for the first 2 periods 
during which the rate of regeneration remained about constant 
whereas with iron therapy in the 3d postdonation period the usual 
marked increase occurred. This is further evidence that the results 
are due to iron rather than to a stimulation resulting from the loss 
of blood, since in the previous tables iron was given in the 2d period 
and the rate of regeneration increased with this medication. In 
the rpresent group. Period 2 was passed without medication and 
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without change in hemoglobin formation, whereas the giving of 
iron in Period 3 produced the expected increase. Withholding iron 
in Period 4 led to a prompt reduction in hemoglobin formation. 

Table C. — Result.s or Therapy Administration According to Periods 
(Gm. hemoRlobin per 100 cc. blood per day) 

No. of cases 


Donation o 

1 No therapy OiS 

2 Iron therap 3 '’ 072 

a Iron therapy 049 

4 No therapy 051 

o No therapj' 027 


T ABLE 7 . — ResUI.TS OF TlIERAPV ADMINISTRATION ACCORDING TO PERIODS 
(Gm. liomofilobin per 100 cr. blood per day) 

No. of cases 

Don.it ion 7 4 


1 

No thcrapj- 

050 

059 


No therapj' 

052 

060 

:i 

Iron therapj- 

0S2 

092 

4 

No tborapj’ 


049 


Table 8.— Results of Therapy Administration According to Periods 
(Gm. hemoglobin per 100 cc. blood per day) 

No. of cases 


Donation 


11 

0 

3 

2 

1 

Iron therapj’ 

068 

072 

076 

072 

2 

No therapy 

046 

054 

062 

069 

8 

Iron therapj' 


057 

055 

063 

4 

No therapy 



035 

030 

5 

Iron therapy 




067 


In Table 8 the iron is given in alternate periods except that it 
was administered after the 1st donation and withheld after the 2d, 
and the alternate giving and withholding of iron continued on this 
schedule. The results are the same as previously commented upon, 
i. e., an increased rate of hemoglobin regeneration with iron, a 
diminished rate without it. In the 3d period there is no response 
to iron although it had been effective after the first donation. 

Comment. From these results it is evident that the administra- 
tion of iron to blood donors hastens the regeneration of hemoglobin 
and shortens the recovery period. If the drug is given continuously, 
aud repeated blood donations are given, the effect of iron becomes 
less marked during the 2d recovery period and has no effect on 
the rate of hemoglobin regeneration during subsequent recovery 
periods. In most individuals who give many donations while on 
continuous iron therapy there is a secondary and late increase in 
hemoglobin regeneration after 5 to 6 donations have been given, 
hut this is usuall}’^ not as great as the first response that was obtained. 
On the whole there is a gradually decreasing effect from iron therapy. 

The reason for the increased rate of production of hemoglobin 
with iron therapy is not obvious for there is no evidence of depleted 
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iron stores in these individuals. If it were purely a matter of replace- 
ment therapy or making iron more available, there should not be a 
decreasing therapeutic effect as the iron reserves become better 
filled with its prolonged administration. It has previously been 
.shown that iron is retained by the body from this dosage of iron anrl 
ammonium citrates and that the storage continues over a long 
time.'-^ The availability of iron and the amount of iron reserves in 
the bodj^ do not apparentbv plaj’' a part in this effect. If the results 
were due to an elevation in the blood serum iron® it should still be 
effective after the long periods of iron administration, since the 
serum iron level should increase during the 4th and 5th postdonation 
periods as well as in the 1st period. The increased hemoglobin 
response does not seem to be logically explained on the ele\'ated 
serum iron level or the iron stores of the body. 

When the administration of iron is discontinued after it has been 
given during one or more postdonation periods there is a sharp reduc- 
tion in the regenerative rate although it is maintained somewhat abo\’'e 
the rate prevailing during the control period which was without 
therapy. This shows some latent action of the iron which cannot be 
due entirely to the serum iron level. Since the iron stores are well 
filled these should maintain the rate of hemoglobin regeneration 
at a high level but since they do not maintain this level the state 
of the iron reserves are obviously not playing the most important 
r61e- 

After the rate of regeneration has once been increased by iron 
and then allowed to return to the normal during a period without 
iron, subsequent administration of iron has less effect and does not 
again increase the regeneration rate to the high point obtained with 
the first ii'on administration. 

These features suggest that iron has a stimulating effect on hemo- 
globin formation which is not dependent upon changes in the level 
of the iron in the blood serum, the reserve supply of iron, or the 
availability of the iron. They are in agreement with pre\dous 
findings which we have reported and which we have interpreted 
as evidences of stimulation. 

Conclusions. The administration of iron to blood donors hastens 
the regeneration of hemoglobin, but the effect of iron therapy is 
transient. Iron therapy given after subsequent blood donations 
does not cause as great an acceleration as with its first administra- 
tion. 

Iron apparently lias a stimulating effect on hemoglobin formation 
as well as acting as replacement therapy. 

There is no evidence of bone marrow exhaustion after repeated 
donations. 
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Introduction. The use of snake venom as a local styptic was 
suggested because of its well known clotting action. Eagle® described 
the coagulating eflfect of various snake venoms and found that the 
venom of the fer-de-lance snake (Bothrops atrox) acted as an enzjmie 
in converting prothrombin to thrombin and fibrinogen to fibrin. 
The fer-de-lance venom contains, in addition to the clotting factor, 
powerful hemorrhagins and neurotoxins which restrict its use. In 
1939, a “detoxified” product became available which manifested 
great clotting ability but less hemolytic and neurotoxic effects. As 
the experiments to be reported will show, the term “detoxified” does 
not mean that the venom was non-toxic. 

A study of the action of this “detoxified” venom was under- 
taken by us in order to determine its possible use parenterally in 
hemorrhagic conditions. Observations were made on its effect on 
whole blood and on fibrinogen solution m vitro and on its action 
after parenteral injection in rabbits and dogs. 

Material and Methods, The stock venom was the crude dried venom 
of the fer-de-lance snake. The “detoxified" venom was the product ob- 
tained by evaporation of the aqueous supemate after a 1% solution of 
stock venom had been shaken with an equal volume of chloroform for 
48 hours.- Venom dilutions were made up in 0.85% solution of NaCl. The 
clotting time of rabbits was measured by the capillarj' tube method and that 
of dogs by a modification of the 8 mm. tube method. The in vitro experi- 
ments were performed on both oxalated and heparinized normal human 
and normal dog blood. Blood was kept fluid indefinitely by the addition 
of 1 cc. of N /lO sodium oxalate solution to 9 cc. of whole blood or bj' the 
addition of 300 units* of heparin (Liquajmin, Roche-Organon) to 10 cc. 

* One anticoagulant unit is the anticoagulant power necessaty to keep 1 cc. of 
recalcified, citrated beef plasma liquid for 4 hours at 37° C. 
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of whole blood. Dog fibrinogen, obtained through the courtesy of Dr. Wm. 
De W. Andrus, was prepared according to the method of Warner, Brinlchous 
and Smith.” A Summerson^® photo-electric colorimeter was used to measure 
the turbidity of the fibrinogen-venom solutions. Prothrombin determi- 
nations were made by the method of Warner, Brinkhous and Smith” and 
fibrinogen was measured by the method of Bancroft, Stanley-Brown and 
Quick.i 

Experiments and Results. A. In Vitro Experiments. Clotting Effect 
of Venom on Whole Blood: The clotting effect of B. atrox venom on whole 
blood is shown in Table 1. Serial dilutions of both stock and “detoxified” 
venom were made. One-tenth cc. of each dilution was added to 1 cc. each 
of oxalated and heparinized whole blood. The time required for the forma- 
tion of an invertible, self-supporting clot is tabulated. In any given dilution, 
stock venom was a more rapid clotting agent than “detoxified” venom. 
Heparinized blood was clotted less rapidly than oxalated blood. Lysis of 
the clots resulted in the presence of the higher concentrations of the venom. 
Stock venom in 1:4000 dilution completely lysed the clot in 6 hours; 
whereas “detoxified” venom in 1 : 1000 dilution only caused partial lysis in 
24 hours. 

Table 1. — Clotting Time of Oxalated and Heparinized Dogs’ Blood After 
THE Addition op Fer-de-lance Venom 


CloUing time 

Final dilution, . 

venom in blood O-vnl. blood Hep. blood 

A. Slock Venom 

I-.IOOO 0' 05" 0' 13" 

1:2000 0' 10" 0' 17" 

1:4000 0' 11" 0' 15" 

1:8000 0' 17" 0' 22" 

1:16000 0' 21" 0' 32" 

1:32000 0' 26" 1' 31" 

1:64000 0' 32" 2' 17" 

1:128000 0' 55" 5' 42" 

1:256000 3' 32" 13' 40" 

1:512000 5' 40" Ihr. 5' 

J3. “ DetoTi'ficd” Venom 

1:1000 0' 13" 0' 14" 

1:2000 0' 15" 0' 29" 

1:4000 0' 23" 0' 33" 

1:8000 0' 25" 1' 10" 

1:16000 0' 40" 1' 55" 

1:32000 0' 47" 9' 50" 

1:64000 3' 15" 6' 48" 

1:128000 9' 25" 40' O" 

1:256000 1 hr. 45' 4 hrs. 

1:512000 4 hrs. 18 hrs. 


Clotting Effect of Venom on Fibrinogen. To detennine the constituents 
of blood which might be acted upon by venom, the effect of venom on the 
conversion of fibrinogen to fibrin was studied. The addition of venom to a 
clear, dilute fibrinogen solution results in the formation of a cloudy gel-like 
fibrin clot, which undergoes lysis at a rate dependent on the concentration 
of venom. The usual Lee and White method for the determination of 
clotting time could not be used to measure this reaction because any 
agitation of this system resulted in the immediate retraction of the fibrin 
clot. Thus the end-point used in this technique, i. e., the formation of a 
self-supporting clot, was seldom obtainable. 

In order to obviate this difficulty a Summerson^® photo-electric color- 
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itneter was used to follow tlic turbidity of the venom fibrinogen mixture 
during the clotting process and the following lysis, for after insertion of the 
colorimeter tube no agitation of the system is necessaiy. The rationale for 
the use of this instrument for the determination of the clotting time is as 
follows: The transformation of fibrinogen to fibrin is accompanied by an 
increase in the optical density of the system. The increased density is 
proportional to the amount of fibrin formed. Therefore the measurement 
of the resistance of this solution to the passage of light becomes a relative 
index of the amount of fibrin present. Bj' this means the formation and 
lysis of the fibrin clot can be expressed in terms of the turbidity of the 
solution. Fi^re 1 illustrates the clotting and lytic action of “detoxified” 
venom on fibrinogen solution e.xpressed in turbidity of the fibrin gel. The 
units of turbidit 3 ' are arbitrar.v and represent the numbers on the color- 
imeter dial. The maximum reading (160) indicates the complete conversion 
of fibrinogen to fibrin. Time is recorded after mixture of all the constituents 
of the final solutions. Three experiments are represented: First (dot-dash 
line), a solution composed of 1 ce. fibrinogen solution, 4 cc. normal saline and 
0.1 cc. (30 units) heparin was incubated at 32.5“ C. for 1 hour. Then 0.25 cc. 
of 1 % “detoMfied” venom was mixed with the solution. Second (dotted 
line) 1 cc. fibrinogen was diluted with 4 cc. normal saline and to this mixture 
0.25 cc. of 1% “detoxified” venom was added. Third (solid line), a solution 
composed of 0.25 cc. of 1 % "detoxified” venom, 4 cc. normal saline and 
0.1 cc. (30 units) heparin was incubated at 32.5“ C. for 1 hour. Then 1 cc. 
fibrinogen was mixed with the solution. In each experiment, no change in 
the turbidity occurred for 13 to 20 seconds after the mixture of fibrinogen 
and venom. Then suddenly the turbidity increased rapidty so that within 
40 to 60 seconds a verj’’ turbid, self-supporting gel was formed. Within 
the next 2 to 3 hours the gel undenvent tysis resulting in a clear solution. 

Table 2.— Effect of Thbombix axd "Thbombix-uke" .\gests ox Fibbixogex 

Fibrin* in mg. and in % of maximum yield 
(measured after 1 hour) 

0.1 cc. 0.1 cc. (I-lOO) 0.1 ec. (1-5000) 

thrombin detox, venom stock venom 


Fibrinogen solution 

Mg. 

% max. 
yield 

Mg. 

% mav. 
yield 

Xlg. 

% max. 
yield 

0.50 cc. fibrinogen -f 0.50 ce. saline 

680 

100 

590 

S7 

010 

90 

0.25 cc. fibrinogen + 0.75 cc. saline 

.350 

100 

270 

77 

.310 

89 

0.10 CO. fibrinogen -f 0,90 cc. saline 

1.37 

100 

97 

71 

97 

71 

0.05 cc. fibrinogen + 0.95 cc. saline 

65 

100 

35t 

54 

.35t 

54 


* Measured in terms of reconverted fibrinogen, 
t Approximate readings. 


Another method was used to corroborate the fibrinotytic action of the 
venom. In the determination of fibrinogen, according to the method of 
Bancroft, Stanley-Brown and Quick, 1 hour elapses between the mixture 
of the components and the recovery of the fibrin. It is apparent that 
when venom is used as the thrombic agent the fibrin formed is exposed to 
the lytic action of the venom for 1 hour. Thus the relative jdeld of fibrin 
after the action of venom on a known amount of fibrinogen is compared to 
the yield after action bjr thrombin which has no fibrinolytic power. The 
result may be expressed as the percentage of maximum yield. Table 2 
shows this comparison. One ec. fibrinogen solution was mixed with 0.1 cc. 
of one of the thrombic agents; the mixture was allowed to stancl 1 hour 
before the removal of the fibrin clot. The jdeld of fibrin in milh’grams 
from thrombin and from venom is also pven as a percentage comparison. 
The lytic actionjis thought to be responsible for the smaller yield from the 
action of venom. 
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B. In Vino Expemnenis. Because of the marked clotting power of venom 
in vitro, an attempt was made to speed the clotting reaction in animals by its 
liarenteral administration. In vivo, experiments were perfonned on white; 
rabbits and small mongrel dogs. In some experiments the animal was in 
the fasting state, in others the time of the last meal was not controlled. 

In rabbits, no alteration in the clotting time was observed and no local 
hemorrhage occurred after the subcutaneous injection of as much as 
0.1 cc. of 1 % “detoxified” venom. A slight and inconstant fall in the rabbit’s 
clotting time (capillaiy tube method) was obseiwed within an hour after 
the intramuscular injection of 1 to 2 cc. of “detoxified” venom. The detenni- 
nation of the clotting tune by the capillary tube method was too inaccurate 
for measurement of small differences. After determining that intravenous 
doses of venom in rabbits caused an increase in coagulation time associated 
Avith a decrease in fibrinogen, it Avas decided to use dogs as the experimental 
animal and to determine the clotting time by the 8 mm. tube method using 
A'^enous blood. 

^BcA'^en dogs died 2 to 30 minutes after a single intravenous injection of 
1 cc. or 2 cc. of 1% stock or “detoxified” venom. The animals exhibited 
gasping, vomiting, defecation, urination, opisthotonus, respiratory paralysis 
and cardiac asystole. Immediately before the injection of A'^enom the clot- 
ting times of 2 dogs Avere 9 minutes, and 7 minutes, 45 seconds respectively, 
and their blood fibrinogen levels Avere normal. Blood obtained as early as 
50 seconds after the injection of venom Avas pennanently fluid and contained 
no fibrinogen. Large hematomata at the sites of the needle puncture 
occurred before death. All of the animals Avere autopsied shortly after 
death. The findings were remarkable for the absence of large or small 
lilood clots in the chambers of the heart or in the great vessels. There 
Avas marked engorgement of the vessels of the viscera both grossly and 
microscopically. Stained sections of heart, lung, liver, kidney, spleen 
and small boAvel shoAved no evidence of deposits of fibrin on the endothelium 
of the blood-vessels, on the red cells or in the capillaries. Dark-field exami- 
nation of postmortem blood revealed no fibrin strands. 

When only 0.1 cc. of 1% “detoxified” venom diluted to 10 cc. Avith 
nonnal saline Avas injected rapidly intravenously into each of 4 dogs, the 
animals surAUved and shoAved only mild toxic signs. There Avas no positive 
phase (shortening) of coagulation. In 3 dogs clotting times determined 
13 minutes, 23 minutes, and 30 minutes, respectively, after injection, were 
indefinitely prolonged and remained prolonged for 8 to 24 hours. Blood 
draAvn from the fourth dog 38 minutes after the injection foimed a friable, 
non-supporting clot in 40 minutes which Avas lysed in 4 hours. In each 
dog the prothrombin levels fell from 100% to 50 or 60% of normal and 
remained low for as long as 48 hours. No fibrinogen Avas demonstrable in 
the blood draAvn as long as 4 hours after venom injection, but it returned to 
the normal range in 24 hours. A single additional experiment on the effect 
of an intramuscular injection of 0.25 cc. of 1% “detoxified” A'^enom in a 
dog AA'as performed. The clotting time, prothrombin and fibrinogen values 
did not change significantly over a period of 1 hour and 25 minutes. 

C. Antivenom Expenments. As can be seen from the aboA'^e experiments, 
the venom Avas found to haA'^e a marked coagulating effect in vitro and a 
marked anticoagulating action in vivo. Therefore it Avas considered possible 
that tAvo factors Avere involved. It AA^as thought that an antivenom could 
]3e developed AA'hich might neutralize the anticoagulating factor and thus 
only the coagulating effect Avould be manifested in vivo. In an attempt to 
deA^elop this antivenom, each of 3 rabbits AA'as injected subcutaneously 
CA'^ery 3d day for 2 months with a gi'adually increasing dose of venom. The 
total amount each rabbit recewed A'^aried from 5.9 to 6.6 cc. of 1 % “detoxi- 
fied” A^enom. At the end of 2 months, blood serum Avas obtained from the 
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rabbits and was pooled. In vitro, 0.2 cc. of varying strengths of “detoxified” 
yenc^ were mixed with an equal quantity of graded serum dilutions and 
incubated for 1 hour at 37° C., then kept in an ice-box for 12 hours. Marked 
flocculation occurred in a mixture of equal quantities of a 0.05% “detoxi- 
fied” venom solution and undiluted rabbit antivenom .serum. The greatest 
flocculation occurred when a dilute venom solution was mixed with un- 
diluted serum. In such proportions the rabbit antivenom serum was able 
to nullify completely the clotting action of venom. For example, an 
amount of venom which clotted o.xalated blood in 15 seconds was rendered 
impotent bj’’ the addition of antivenom serum. 


CLOTTING ACTION-FER'DE' LANCE VENOM 



- T I M E - 

Fig. 1. 


Several experiments on dogs were then performed to test the in vivo 
effect of the rabbit antivenom serum. Figure 2 illustrates the results of 
4 intravenous experiments performed on 2 dogs. In Experiment A a dog 
was given an injection consisting of 0.15 cc. of 1% "detoxified” venom, 
3 cc. rabbit antivenom serum and 2.85 cc. normal saline. This proportion 
of venom to antivenom serum was equivalent to that giving the greatest 
flocculation in vitro. Following the injection, the clotting time remained 
ndthin the normal range while the prothrombin and fibrinogen fell to 
approximately 60%. In Experiment B the same dog received the same 
amount of venom without antivenom serum. The clotting time became 
indefinitely prolonged while the prothrombin and fibrinogen fell to zero. 
The dog died about 2 hours after the injection, having exhibited signs that 
accompany a lethal dose of venom. In Experiment C the proportion of 
venom to antivenom serum was the same as in Experment A but the 
quantities were smaller. The serum was injected 40 nm'nutes before the 
injection of venom. The results were comparable to those of Experiment A. 
Finally, Experiment D is a t 3 'pical illustration of an intravenous injection 
of a sublethal amount of venom into a dog not protected by antivenom 
serum. 

Two additional experiments on dogs were carried out to determine 
whether normal rabbit serum possessed any protective action against 
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“detoxified” venom. The first animal was given intravenously a solution 
of 0.1 cc. of 1% “detoxified” venom, 2 cc. normal rabbit serum and 1.9 cc. 
physiologic saline. Contrary to Avhat might be expected, in a period of 
1 hour and 30 minutes following this injection, the clotting time showed 
no significant change; the prothrombin fell from 100% to 64%; the fibrino- 
gen fell to 33 % of its initial value. The second dog was given intravenouslj’- 
a solution of 0.15 cc. “detoxified” venom, 1.9 cc. normal rabbit serum and 
4 cc. physiologic saline. One hour and 2 hours following the injection 
the clotting times were greatly prolonged; the prothrombin was 58% and 
no fibrinogen could be demonstrated in the blood. Pertinent to these 
results are those obtained in vitro when 0.25 cc. of rabbit antivenom serum 
or 0.25 cc. of nonnal rabbit serum was mixed with either 1 cc. of oxalated 
blood or 1 cc. of fibrinogen solution. Twenty-four hours after mixture soft, 
friable clots were present in all tubes. The normal serum had the same 
degree of thrombic action as the antivenom serum. 
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D. Postinjection Plasma {'‘Plasma de Venins”) Experiments. The 
remaining experiments to be reported concern the clotting property of the 
plasma of dog’s blood drawn after an intravenous injection of snake venom. 
One of the properties of the plasma obtained from blood which has been 
rendered incoagulable by venom is its ability to clot oxalated whole l5lood. 
The mechanism involved in this reaction has remained obscure although 
much work has been done on this problem.®'® It seemed that the develop- 
ment of the antivenom serum described in the above experhnents allowed 
this problem to be attacked from a new angle, since any thrombic acti\dt 3 ' 
of the venom could be nullified bj"" the addition of antivenom serum. Ex- 
periments were deAused to test the effect of antivenom serum on the post- 
injection plasma. Blood drawn both before and after the intravenous 
injection of “detoxified” venom was oxalated and centrifuged. The cell 
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free supemate was removed. This supernatc will be referred to as plasma. 
It was repeatedly observed that the addition of postinjection plasma to 
jiormal oxalated blood resulted in the prompt clotting of the blood. x\o 
clotting occurred after the addition of pre-injection pla.sma or of physiologic 
sahne. This clotting property of the postinjection plasma was always 
apparent if the amount of venom injected was sufficient to have caused the 
dog’s blood to beco "- ” ‘ dog was given 0.08 cc. of 1% 

“detoxified” venom .■■■. . ■ ; ■ . minutes later the clotting time 

was indefinitely prolonged, the prothrombin ,30% and the fibrinogen zero. 
Two 18 cc. specimens of blood were drawn and oxalated, one .specimen 
before the injection of venom, the other 30 minutes aftenvards. To one- 
third of each of these specimens 1 cc, nonnal saline was added; to the 
second third, _ 1 cc. of normal rabbit serum; and to the remaining third, 
1 cc. of rabbit antivenom serum. The plasmas were then removed from 
each of the various subspecimens and their clotting properties tested by 
adding 0.5 cc. of each plasma to 1 cc. normal oxalated blood and 1 cc. 
fibrinogen solution, respectively. Obsenmtions were made for 4 hours. 
No clots were ob.s_erved in an3' of the mixtures containing pre-injection 
]ilasma or a combination of postinjection plasma and antivenom serum. 
Prompt clotting occurred in the mixtures containing postinjection pla.sma 
not combined with antivenom scrum. The antivenom serum had thus 
nullified the clotting power of the postinjection j)lasma. Calculation of the 
final amount of venom in the oxalated blood and fibrinogen solution re- 
vealed that there was about 1 part in 125,000, which according to Section B 
of Table 1 clotted oxalated whole blood m about 9 minutes and 25 second.s. 
Since clotting occurred in the.se “plasma de venins” studies in 35 minutes it 
is probable that the entire thrombic activity of the postinjection plasma is 
due to the venom it contains as undoubtedij' some of the venom is utilized 
in the clotting reaction. 

Discussion, hi vitro, B. ntrox venom is an effective clotting agent 
in dilutions of 1:500,000. The venom acts as a thrombin as is 
shown by its ability to convert fibrinogen to fibrin, and also as a 
fibrinolysin when it is present in relative excess. Heparinized blood 
is clotted less rapidly than is oxalated blood. Jorpes® believes that 
heparin is an anti-thrombin; but in the foregoing experiments, 
heparin did not influence the thrombic action of \'enom on the second 
phase of coagulation. 

Hanut* reports a positive phase of coagulation (shortening of the 
clotting time) after the parenteral injection of fer-de-lance venom in 
rabbits. Considering the errors inherent in the capillary tube 
method for determining clotting time, the slight reduction in the 
clotting time observed in rabbits following injection of large amounts 
of venom is not regarded as significant. Using the 8 mm. tube 
method for determining the clotting time, dogs show no positive 
phase of coagulation. Determinations were made as early as 
50 seconds after the injection of x-enom. Intravenous injection of 
venom causes a fall in prothrombin and fibrinogen blood levels, but 
fibrinogen is the more readily affected. Both are reduced to zero 
when the amount of venom injected is lethal. 

One of the most baflBing problems raised by the experiments 
here reported is the striking difference between the clotting effect 
of fer-de-lance venom on wffiole blood in vitro and in vivo. The 
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addition of 0.002 nig. of “detoxified” venom to 1 ec. of oxalated 
whole blood results in solid clot formation in 1 hour and 4-5 minutes. 
When the same amount of venom per ee, of blood is injected intra- 
\ enously into a dog the blood becomes indefinitely incoagulable and 
the animal dies in 25 minutes. Absolutely, this is of cour.sc a much 
larger amount of venom, which conceivably might be harmful 
through a selective fibrinolytic effect. There is no demonstrable 
]irothrombin or fibrinogen in the blood drawn immediately before 
death. One-tenth of this amount of venom has no clotting effect 
on blood in vitro, but in vivo causes the blood to become incoagulable 
with marked depression of prothrombin and fibrinogen. There is a 
slow return of the animars clotting power in 8 to 26 hours. Some 
workers"'® have suggested that the explanation of this difference 
in effect might be found in the mechanical difference in precipitation 
of fibrin in vitro and in vivo. Regarding the fibrinogen-fibrin con- 
version, 3 possibilities, which would explain the incoagulable blood 
in vivo, come to mind. The circulating fibrinogen might be pre- 
cipitated as intravascular fibrin plugs. Macroscopic and microscopic 
examination revealed no plugging of the vessels. The fibrin formed 
might be dispersed as finely divided particles. Dark-field examina- 
tion of the incoagulable blood revealed no such particles. The 
fibrin formed by the vejmm injection might be rapidly lysed. Con- 
cerning this hypothesis, it can be shown that the amount of ^'enom 
present in the circulating blood before death is of the order of 1 part 
in 1,000,000. Since appreciable fibrinolysis in vitro occurs only 
when the venom is present as 1 part in 1000, it is difficult to assume 
that the fibrin is removed from the blood by lysis. All that can be 
said then is that in vitro, fer-de-Iance venom has a coagulating and 
an anticoagulating (fibrinolytic) action on whole blood, whereas 
in. vivo (using dogs as the experimental animal) only the anti- 
coagulating effect is evident. 

The development of an antivenom serum in rabbits is described. 
This serum nullifies the clotting action of venom in the test tube 
and protects dogs from an otherwise lethal intravenous injection of 
^'enom. In vivo, normal rabbit serum would seem to possess a 
less marked protective action as shown by the fact that the clotting 
time may remain within the normal range while the prothrombin 
and fibrinogen values are depressed. In vitro, rabbit serum appar- 
ently possesses a weak thrombic action. This is interesting in 
relation to the recent work on a thrombin-like factor obtained from 
rabbit plasma.® 

There is no evidence that dogs become sensitized to repeated 
parenteral administration of venom. It was observed that an 
animal showed progressively fewer toxic signs when injected re- 
peatedly with a given amount of venom. Rabbits tolerate a far 
larger dose of venom than do dogs. 

The clotting action of postinjection plasma is a})parently due to 
the contained \'enom. The speed of clot formation caused by this 
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plasma is of the same order as that exhibited by venom in a like 
dilution. The clotting power of this plasma is nullified by rabbit 
antivenom serum. 

Summary. 1. Boihrops citrox venom is a powerful coagulant of 
whole blood and fibrinogen solution in vitro, but when administered 
to dogs intravenously it produced marked prolongation of the 
clotting time with a reduction in prothrombin and fibrinogen. 

2. An antivenom serum \vas developed in rabbits which com- 
pletely neutralized the clotting properties of the venom in vitro. 

3. In vivo, this antivenom serum modified the effect of the venom 
on the clotting time, blood prothrombin and fibrinogen, and also 
protected dogs from a lethal dose of venom. 

4. Normal rabbit serum had a slight p^otecti^'e action against 
the toxic effects of intravenous administration of fer-de-lance venom. 

5. The thrombic activity of postinjection plasma or “plasma de 
A'enins” was due to the venom present. 

6. The difference in action of fer-de-lance venom hi vitro and 
in vivo was not clarified by these experiments. 
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co-workers^ has been suggested as a substitute for heparin in clinical 
therapeutics by several investigatorsd-^'^® We report here an investi- 
gation of a small group of patients treated Avith this substance. 
The investigation was undertaken to evaluate the drug critieally, 
to compare its action with that of heparin, and to determine the 
precautions that should be employed when the drug is used. Our 
results confirm those of other investigators^’^'^® that the drug Avhen 
administered orally prolongs the prothrombin clotting time, and to a 
less extent the AAUiole blood clotting time. 

Methods. Patients receiving the drug were in all instances studied daily. 
Coagulation time of venous blood at 37° C. was measured by a modification^ 
of the Lee and White method.^ Prothrombin time was determined by a 
modification® of Quick’s method.'® In all cases determination of the coagu- 
lation time was made both in glass and in lusteroid tubes. The technique 
for the determination of coagulation time in lusteroid is as folloAvs: Blood 
was drawn with stasis from an arm vein into a syringe lined with mineral 
oil. The needle was removed and 2 ml. of blood were placed in each of two 
lusteroid tubes 100 x 13 mm. in size. The tubes were examined in the same 
way as the glass" tubes. The normal coagulation time in lusteroid tubes 
using the above technique is from about 25 to 50 minutes at 37° C. It is to 
be emphasized that the use of a lusteroid tube not only prolongs the coagu- 
lation time above that measured in glass, but also serves to magnify small 
variations in it. In a like manner any errors of technique such as a poor 
venepuncture with admixture of tissue juice, or a tube not scrupulously 
clean, lead to gross changes in the coagulation time. Even though these 
errors were kept at a minimum, variations occurred which rendered it only 
a relatively crude method. Nevertheless, the use of the lusteroid technique 
proved to be of considerable value. 

The usual procedures for intravenous bromsulphalein, hippuric acid 
excretion (oral), and urine urobilinogen excretion (roughly quantitative) 
were used in a number of patients as liver function tests, through the 
courtesy of Dr. Emmanuel Deutsch of the Surgical Research Laboratories 
of the Boston City Hospital. 

Experimental. 1. Effect on Prothrombin Concentration. Eight 
individuals from 12 to 69 years old Avere studied. Taa'^o of them 
were convalescent from mild illnesses and may be regarded as normal. 
Of the remaining 6 subjects, 4 had thrombophlebitis, 1 had endo- 
carditis lenta, and 1 survived suture of a puncture wound of the 
heart. Chart 1 shoAVS an example of a case given dicoumarin Avith 
changes in prothrombin concentration and coagulation time meas- 
ured in glass and lusteroid tubes. 

The first action of dicoumarin was ahvays displayed as a fall in the 
prothombin concentration. Taking a fall to 30% of the normal pro- 
thrombin concentration as a criterion of definite effect of the drug, 
3 of our patients responded Avithin 24 hours Avhereas the remainder 
required from between 48 hours and 5 days to giA^e such a response. 
One cannot predict when a response Avill occur in any indiAudual 
following a given dose of the drug. A number of factors appear to 
modify the time of onset of the action: the size of the initial dose 
and of subsequent doses in relation to body weight; the initial IcaxI 
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of prothronibii) concentration in the l))of)d; an apparently large and 
nn])redictable variation in individual response to the drug. 

The effect of the substance, once loiv prothrombin concentrations 
are reached, is quite prolonged. Chart 2 shows the effect of a single 
large dose (15 mg./kilo) of the drug upon the prothrombin concen- 
tration of an apparently normal individual. A prothrombin con- 
centration of below 30% of normal was maintained ford days and the 
concentration was not within normal limits for 5 more days. Afost 
of the patients received an initial dose of from 3 to 12 mg./kilo and 
thereafter a daily dose of from 0.1 to 0.2 gm. Using this dosage 
the prothrombin concentration was maintained at very low levels 
and, with one exception, from 5 to 11 days were required after the 
drug was stopped before the concentration of prothrombin rose 
above 50%. When this level was reached the return to normal 
was always prompt. 

The prothrombin time with the thromboplastin used has a normal 
\'alue of from 25 to 30 seconds. The amount of prolongation of the 
Quick prothrombin time is of interest when interpreted as pro- 
thrombin concentration and especially when this concentration is 
compared with the plasma recalcification time and coagulation time 
of whole blood. In calculating prothrombin concentrations a curve 
was used which was obtained by plotting the prothrombin time 
of a series of appropriately modified plasmas. To accomplish 
this the prothrombin time was determined from varying concen- 
trations of normal plasma, mixed with the same plasma passed 
through a Seitz filter 5 times. It has been shown that when plasma 
is passed through a Seitz filter 5 times, it becomes incoagulable with 
thromboplastin and calcium for more than 2 hours at least.® Using 
this curve a prothrombin time of about 60 seconds corresponded to 
approximately 10%, 90 seconds to 5%, and 150 seconds to 2.5%, 
of the normal plasma prothrombin concentrations respectively. 
A prothrombin time of greater than 150 seconds was simply called 
less than 2.5% of normal. In many of the patients given dicoumarin 
the Quick prothrombin time was extraordinarily prolonged. One 
patient after receiving a total of 31 mg. of dicoumarin per kilogram 
body weight during a period of over 8 days had a prothrombin time 
of greater than 1 hour (Chart 1). The drug was discontinued and 
the next day the prothrombin time was 40 minutes and in the 
subsequent 6 days gradually fell from 17 minutes to 3| minutes or 
about 2.5% of the normal concentration of prothrombin. 'I’hese 
extraordinarily prolonged prothrombin times are of interest in 
themselves for they certainly suggest the great reserve of pro- 
thrombin in plasma above that required for coagulation. Moreover, 
when these figures are compared with the whole blood coagulation 
time on the same daj'^ one finds that when the prothrombin times 
were on one occasion over 1 hour and on another 40 minutes, not 
only did the whole blood still clot, but it did so in the relativeh^ 
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sliort time of 17| and 19 minutes respectively. These whole blood 
coagulation times Avere indeed much shorter than the prothrombin 
time itself. The recalcification time of citrated plasma in these 
instances Avas 9 minutes and 10 minutes respectively, both normal 
A alucs for the procedure and again far shorter than the prothromi)in 
time. Thus, curiously enough, the recalcification time after the 
addition of an excess of thromboplastin (prothrombin time) Avas far 
longer than the recalcification time Avithout the addition of this 
substance. This phenomenon Avas obserA^ed on scA'^eral occasions 
and requires further study. 



Chart 1. — Changes in the coagulation time in glass and lusteroid and the pro- 
thrombin concentration following the administration of 1.8 gm. of dicoumarin. 
Effect of the administration of vitamin K and whole blood transfusions. 


2. Effect on the Coagulation Time. The eft'ect of the administration 
of dicoumarin upon the coagulation time of blood measured in glass 
and lusteroid tubes AA^as extremely A^ariable. In general the coagu- 
lation time became prolonged as the prothrombin concentration 
reached Ioav levels. HoAVCA'er, there At^as no parallelism of the tAvo 
in any one patient, and further, some of the patients had a moder- 
ately prolonged coagulation time AA'ithout profound loAvering of 
the prothrombin concentration. In general, however, the coagu- 
lation time Avas not significantly prolonged until the prothrombin 
concentration reached A'ery low leA'^els, usually less than 5% of 
normal. The coagulation time measured in lusteroid tubes shoAA'ed 
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a much greater prolongation with reduction in prothromlhn con- 
centration, than that in glass tubes. Furthermore,, the rise in 
clotting time in lusteroid tubes was sometimes, but not always, 
24 hours earlier than the change detected in clotting time in glass. 
The coagulation time in lusteroid was often not measurable when the 
prothrombin concentration was very low due to the end-point being 
spread over many hours. Occasionally the blood in lusteroid tubes 
failed to clot under 24 hours. 



Chabt 2. — Changes in the coagulation time in glass and lusteroid and the pro- 
thrombin concentration following the administration of a single oral dose of 1 gm. 
of dicoumarin, in a normal human. 


Lozner and Taylor® have shown that the effect of surfaces such 
as lusteroid in prolonging the coagulation time is not upon the blood 
platelets, but upon some property of platelet free plasma, possibly 
upon the “globulin substance” knonm to be active on but deficient 
in hemophilie blood. One might suppose, then, in view of the 
long, often very long, coagulation time in lusteroid tubes, that the 
plasma of patients receiving dicoumarin may have been deficient 
in this “globulin substance.” However, we have consistently been 
able to hasten the coagulation of hemophilic blood, in vitro, as much 
by the addition of 0.1 ml. of plasma from patients receiving dicou- 
marin to 2 ml. of hemophilic blood, as by the addition of equivalent 
amounts of normal plasma. Thus there seems to be no modification 
of the action of the “globulin substance” by dicoumarin. One may 
suggest therefore, that whatever the role of the “globulin substance” 
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in blood coagulation may be, in plasma from patients receiving 
dicoumarin its lessened effectiveness probably is due to a diminished 
prothrombin, rather than to any change in “globulin substance” 
itself. 

The proteolytie enzyme from plasma and serum produced by the 
action of chloroform, reported by Tagnon and his assoeiates^^-^^ and 
said to be deficient in hemophilia,^^ was found to have normal 
activity even when the prothrombin eoncentration of the plasma was 
only 2% to 5% of normal. From sueh comparative studies it would 
appear that dicoumarin had no effect either upon the essential 
aetivity of “globulin substanee,” which HowelP calls “plasma 
thromboplastin,” nor upon the proteolytic enzyme. 

In most of the patients studied, the following data were obtained 
every 2 to 3 days: hemoglobin concentration, red cell count, 
hematocrit and red cell volume studies, differential and total white 
cell count, icteric index and platelet eount. In one patient a 
moderate normocytic normochromic anemia developed. No such 
change was found in any of our other subjects. No changes in the 
differential or total white cell count were found, except those com- 
patible with the changing clinical state of the patient’s infection 
when present. Bleeding . time (Duke method) was performed 
repeatedly on several of the patients but no prolongation was found. 
For example, one patient after dicoumarin administration, when 
the prothrombin time was greater than 1 hour and the coagulation 
time in glass 17^ minutes, had a bleeding time of 1 minute. 

3. Effect on Plasma Protein and Liver Function. Determination 
of plasma proteins: albumin, globulin and fibrinogen (as fibrin) 
were made on several patients. There were no significant changes. 

Because of its chemical constitution and because prothrombin is 
generally accepted as being manufactured in the liver, hepatic func- 
tion tests were done on the individuals receiving dicoumarin. No 
significant change Avas found. 

4. Effect of Vitamin K and Blood Transfusion. Our results agree 
Avith those of others^ that no effect on prothrombin concentration 
is produced Avhen adequate doses of synthetic Autamin K Avere 
administered intramuscularly to patients receiAung dieoumarin with 
a prothrombin concentration of less than 2.5% of normal.* 

Transfusions have been reported as having a A^ariable effect upon 
the coagulation time and prothrombin concentration of patients 
receiAung dicoumarin.^ One of the patients under inA’^estigation 
receiA'^ed 0.9 gm. of dicoumarin and his prothrombin fell to approxi- 
mately 2.5% of normal. A transfusion of 500 ml. of AA’^hole blood 
AA^as administered and, as may be seen from the eurve (Chart 3), 
a rise to 10% of the normal prothrombin eoncentration Avas obtained 

* AVe have given 60 mg. of synthetic vitamin K parenterally to a patient receiv- 
ing dicoumarin without any change in the greatly reduced prothromi)in concentra- 
tion. 
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which gradually fell again, but never to its original low level. 
The prothrombin concentration of the blood administered was 
normal. In contrast to this, another patient (Chart 1) was given 
repeated transfusions of whole blood without any striking effect 
upon the ^•ery low prothroml)in concentration or prolonged coagu- 
lation time. 

Discussion. It is impossible to make an adequate estimate of the 
clinical effectiveness of dicoumarin from a few cases and this Avas 
not the purpose of this report. However, whether associated with 
the drug therapy or not, clinical improvement in the cases of throm- 
bophlebitis Avas uniform Avith the exception of 1 patient, who died 
of sepsis. 



Chart 3.— Effect of a whole blood transfusion on tlie changes in coagulation time 
in glass and lusteroid and prothrombin concentration produced by the administration 
of dicoumarin. 


Xo serious bleeding episodes occurred, except in the case of 
endocarditis lenta Avho had an increase in bleeding and purpuric 
manifestations folloAving administration of the drug. This poor 
result in endocarditis lenta should be emphasized, for one is tempted 
to use anticoagulant therapy in this disease and other septic throm- 
boses. 

The clinical use of heparin in thrombophlebitis, phlebothrombosis, 
and vascular surgery has come into Amgue in recent years, but its 
use has been hindered by the expense of the drug and bj" its transient 
effect, necessitating frequent administration or continuous intra- 
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^’enous drip, dlie administration of one dose of heparin will prolong 
the coagulation time of blood to from 30 to 60 minutes without 
any difficulty, and such a change may be maintained for hours or 
days. Following the discontinuance of heparin the coagulation 
time of the blood returns to normal within a few hours; the time 
depending upon the dose administered. For example if 5500 
Connought units are' given in one dose one may expect the coagu- 
lation time to be normal Avithin 3 hours. Furthermore, if protamine 
{e. g. salamine sulphate) be administered in calculated amount, to a 
patient receiving heparin, the coagulation time returns to and 
remains normal AAuthin 5 minutes (Chart 4). Protamine has no 
such antagonistic effect to dicoumarin and to the present no other 
antidote, other than blood transfusion, is available for use in an 
unexpected emergency. 



Ghaut 4. — Effect of administration of heparin and of heparin followed by prota- 
mine (salamine sulphate) upon the coagulation time in glass and lusteroid and pro- 
thrombin concentration in a normal hiiman. 


Dicoumarin has been proposed as a less expensiA’e orally acti\-c 
substitute for heparin. It is clear that the chemical nature and mode 
of action of the tAA^o drugs is quite different. Heparin acts as an 
anticoagulant both n? vitro and in vim, whereas dicoumarin has its 
effect only in vivo and delays blood coagulation by its action upon 
prothrombin. Yery low prothrombin concentrations must be at- 
tained before clotting is significantly delayed. Furthermore, the 
effect on coagulability is not constant, nor is it in any case nearly as 
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marked as the change after lieparin administration. In the cases 
we have studied, enough dicoumarin compound to prolong tlie 
coagulation time significantly has an action which continues for 
many days after the drug is discontinued (Chart 1) and, further, 
this effect is not mitigated by the administration of vitamin Iv or 
transfusion of whole blood unless the drug effect is small or wearing 
off in which a transient effect may be noted from blood transfusion. 
The ineffectiveness of vitamin K on the coagulation and pro- 
thrombin time of blood of patients under dicoumarin therapy has 
been prm’iously reported, as has the variable effect of blood 
transfusions.' It has lieen suggested that the administration of 
dicoumarin compound be controlled so that the prothrombin con- 
centration be kept within “reasonable limits.’’'^ However, to obtain 
a fairly constant and significantly delaj-ed coagulability of the blood 
one must reduce the prothrombin concentration to very low le\’els, 
and if this is done the effect of the drug cannot be adequateh" con- 
trolled. Thus one must sacrifice control for effectiveness or vice, 
versa and therefore caution must be used when the administration 
of dicoumarin is proposed as a heparin substitute. 

Summary. 1. The effect of the sjmthetic compound 3-3'-methy- 
lenebis (4-hydroxycoumarin)— dicoumarin— upon the coagulation 
of blood and upon certain blood constituents was studied in detail 
in a small group of patients. 

2. The drug was found to act by diminishing the effective pro- 
thrombin concentration in the blood, sometimes to very small 
amounts. 

3. The prolonged blood coagulation time obser\’ed is apparently 
secondary to the low prothrombin concentration, but Avas not con- 
stant nor was it of marked degree unless large doses of the drug are 
administered. 

4. The coagulation time measured in “Lusteroid,” although more 
variable than in glass, showed much greater delay in clotting than in 
glass after the administration of the drug. The suggestion was 
made that the coagulation time in “Lusteroid” indicates the true 
coagulation defect more closely than does glass. 

5. The occurrence of prothrombin clotting times longer than 
recalcified plasma clotting time Avas observed and the possible 
significance of the finding discussed. 

0. The relation of the abnormal clotting mechanism to other 
coagulation factors: foreign surface, platelets, “globulin sub- 
stance,” and plasma proteolytic enzyme was studied and the results 
discussed. 

7. The effect of the administration of the drug upon blood 
cytology, liver function, plasma proteins, especially fibrinogen, AA^as 
studied and no significant abnormalities found. 

8. Vitamin K (synthetic) was found not to act in any Avay as an 
antidote to the effect of administration of the drug. 
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9. Whole blood transfusion Avas found to have only a transitory 
effect or no effect upon the abnormal clotting mechanism in patients 
receiving the drug. 

10. It is suggested that the variable effect of the drug upon blood 
coagulability, its prolonged action after discontinuation, and its 
difficulty in control render the drug a poor heparin substitute, and 
that great caution must be used in its administration. 

The authors wish to express their appreciation to Dr. George R. Minot and Di . 
F. H. L. Taylor for their advice and help, and to Miss Margaret Adams for protein 
determinations. 
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SIX AUTOPSIED CASES OF DISSEMINATED LUPUS 
ERYTHEMATOSUS 

By Connie M. Guion, M.D. 
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(From the Department of Medicine, New York Hospital) 

Disseminated lupus erythematosus nearly always leads to the 
death of the relatively young women who are its usual victims. 
The etiology is unknown. In the hope of adding to the understand- 
ing of the disease, 6 cases observed clinically and at autopsy at the 
New York Hospital are here described. 

Reports of this condition already in the literature are not enumer- 
ated because of ill-defined diagnostic criteria. Some cases in the 
erythema group described by Osler“ in 1895 and 2 of the cases 
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described by Libman and Sacks* in 1923 might now be listed as 
disseminated lupus erjdhematosus. Autopsied cases: Baer de- 
scribed 23 in 1935; Rose and Pillsbury^ reported 5 cases in 1939. 
The Reifensteins® added 1 case of their own in 1939, studied selected, 
reported cases, and gave an excellent review of the literature on the 
disease. There are many other reports*'^ of small numbers of cases. 
_ Definite diagnostic criteria for this condition need to be estab- 
lished. The following definition has been suggested:® “A diffuse 
peripheral vascular disease associated with lupus erythematosus 
and glomerulonephritis.” The disease occurs in women of the child- 
bearing age; one probable case, however, has been autopsied in a 
25-year old man and other cases have been suspected in men. 
Joint pains are frequent. The course is marked by exacerbations 
and remissions with fever, weight loss, and episodes of pericarditis 
and pleurisy. A terminal bronchopneumonia . is the rule. The 
“butterfly” skin lesion is present for a long or a short time. The 
blood shows a secondary anemia and a leukopenia. The urine often 
shows small or moderate amounts of albumin with red cells and casts. 
Renal function may be impaired. According to present methods, 
blood cultures are negative. The Mantoux test maj”- or may not be 
positive but evidence of active tuberculosis in connection Avith the 
disease is lacking. At autopsy involvement of the pleural and 
pericardial surfaces is usually foimd. Renal lesions are present in 
some cases.- There may or may not be verrucous endocarditis. 
There is often widespread involvement of the small bloodvessels, 
marked by intimal proliferation and fibrosis, AAuth degenerative 
changes in places in the walls, narrowing of the lumina and occas- 
ional thrombus formation. 

The 6 cases here reported were observed bj’^ members of the resi- 
dent and attending staff at the New York Hospital from 1936 to 
1940. The histologic material has been reviewed for this report by 
Dr. William Dock; he has contributed the tabulations regarding the 
pathologic findings, The rest of the data has been taken from the 
hospital records. 

Case 1.— E. W., a 36-year-old, married, Swedish Avomp Avas first seen 
in the Out-patient Department in August 1936 complaining of a facial 
eruption present for 9 years. A scrofulous neck gland was removed at 
10 years and pleurisy Avas diagnosed at 28 years. At 27 years small, red, 
scaly, itchj^ areas appeared beloAA' the eyes, spread laterally to assume a 
butterfly shape and disappeared after about 6 Aveefe. A similar eruption 
appeared each spring for the next 4 j'ears, then persisted. A series of gold 
sodium thiosulphate and bismuth salicylate injections were given in the 
Out-patient Department of the Ncav York Hospital in August and Sep- 
tember, 1936. 

In October 1936 the patient A\-as admitted to the hospital with a tem- 
perature of 39.4° C. She was fairly well-nourished. Overthenose and entire 
face AA-as a butterfly lesion, indurated and red, A\ith elevated edges, shoAving 
marked scaling in places. The axillary nodes were enlarged. Urinalysis 
Avas normal. The hemoglobin was 94% (13.7 gm.) with 4.4 million red 
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blood cells. The white blood cell count was 5000 with 20% immature 
neutrophUs. The blood Kline test was negative. 

The skin lesions cleared promptly; the temperature returned to normal; 
treatment with bismuth and "with gold sodium thiosulfate was resumed. 
In May 1937 the left ear began to drain. A few months later joint pains 
set in. Vaccine prepared from the ear discharge, and later bee venom 
injections, were given without improvement in the joint symptoms. The 
skin lesions recurred. During the following months progressive weakness 
and weight loss occurred with fever to 39° or 40° C. much of the time. 

In August 1938 a sharp pain in the right chest with cough set in. The 
patient was readmitted to the hospital. She appeared cachectic. Over 
the entire body were numerous fiery red, scaly, dried papular lesions. 
There were superficial ulcerations on the buccal mucosa. There was a 
purulent discharge from the left ear. There were scattered rales at the lung 
bases. The blood pressure was 110/68. There was widespread involvement 
of the joints with pain and limitation of motion. After 9 days in the 
hospital, signs of the left lower lobe consolidation appeared; weakness and 
respiratorj’- distress increased until the patient died a week later. Blood 
cultures were negative. 

Histologically the spleen and lymph nodes showed hyperplasia, without 
activation, or “germinal centers”; chronic pericarditis was present; the 
mitral valve showed no changes nor were changes present in the kidneys 
save agonal degeneration of the tubules and hyperemia. There was hyaline 
intimal thickening of the splenic arterioles. 

Anatomic Diagnosis. Chronic dermatitis with disseminated cutaneous 
scars; bronchopneumonia (left lower lobe); bronchitis with' bronchiectasis; 
purulent pleurisy of the interlobar septum; bilateral serous pleural effusion; 
chronic pericarditis with fibrous adhesions; a focal vascular scar of one 
kidney; calcified tuberculous nodules in the mesenteric nodes; acute inflam- 
mation of the tracheal and tracheo-bronchial nodes; moderate hyperplasia 
of the superficial mediastinal, para-aortic, and iliac nodes; serous peri- 
toneal effusion; focal fatty degeneration of the liver; petechise in the gastric 
mucosa, os uteri, and urethra; chronic arthritis with focal atrophy of 
cartilage of the right knee joint, with thickening of the synovial membrane 
and serous effusion in the joint. 

Case 2.— B. H., a 28-year-old single American woman, was admitted to 
the New York Hospital in December 1936 complaining of painful swollen 
joints for 11 months. In April 1936 a sunburn was followed by a severe 
skin rash diagnosed lupus erythematosus in another hospital where retinitis 
Avas observed. Anemia Avas also found and transfusions AA’-ere given. 

Physical examination shoAved a thin, pale Avoman with a large ulcer on the 
soft palate. The spleen Avas just palpable. The blood pressure was 120/70. 
Urine, sp. gr. 1.025, albumin, 2-f- and occasion granular casts. Hemoglobin, 
10.2 gm., 3.9 million red cells. The Avhite blood cells ranged from 5000 to 
10,000 per c. mm. (15 to 32% immature neutrophils and 2 to 3% eosino- 
phils). The blood Kline test was negatwe; blood urea nitrogen, normal. 
Blood cultures were negative. 

Several blood transfusions were given. Skin lesions typical of lupus 
eiythematosus developed during the first month of obserA’-ation and neAA- 
mouth ulcers appeared. In January 1937 severe convulsions and signs of 
spasticity in the extremities occurred and cystitis developed. In March, 
pus appeared in the bursa OA'^er the right knee and later an abscess developed 
about the right hip. Hemolytic streptococci were found in these sites. A 
course of Pront 5 din AA^as given AAuthout appreciable effect. The Mantoux 
test AA'as positive to 0.01 mg. of O. T. The patient became increasingly 
weak and thin and died in NoA'-ember 1937 after seA'^eral days in a delirious 
state AAuth signs of tenninal bronchopneumonia and pleural effusion. 
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Anatomic Diagnosis. Atrophic dermatitis of the left pinna and super- 
ficial crusted lesions of the skin of both hands and knees; bronchopneumonia 
with acute arteritis of the vessels of the lungs; vegetative endocarditis 
(mitral, tricuspid, and aortic leaflets and mural); obliteration of the peri- 
cardial cavit}’’; thrombi in the small arteries of the myocardium; small 
focal scars of the myocardium; focal interstitial and glomerulonephritis; 
chronic hj'^perplasia of the spleen; central necrosis of the liver; petechia) 
of the skin of the hands, legs, and trunk. 

Case 4.— E. P., a 24-3'^ear-old, single American woman, was admitted to 
the hospital in January 1939 complaining of a facial eruption for 5 months. 
The skin lesion had appeared on the nose and spread to assume a butterfly 
shape. Two months before admission an ultra-violet treatment had been 
received; 2 days thereafter the lesion became larger and the ej'^elids swollen; 
and afternoon fever developed and a Aveight loss occurred. 

Ph 3 ^sical examination showed a chronically ill woman Avith a temperature 
of 38° C. The e 3 mlids AA^ere edematous. There AA'as an angry, red s 3 Tnmetrical 
lesion OA’^er the bridge of the nose reaching to the forehead and eyebroAA's, 
scaly in places. On the hands AA^ere isolated, blotchy, red areas AA'-hich faded 
on pressure. On the hard and soft palates Avere raised, red, indurated areas 
Avhich seemed to arise in petechial hemorrhages. The cervical and axillar 3 " 
and inguinal nodes shoAA^ed shott 3 ’- enlargement. Urine; sp. gr. 1.004-1.014 
and 1-f- albumin. Hemoglobin, 11.5 gm.; Avith 3.6 million red cells. The 
Avhite blood count Avas 2300 (19% immature neutrophils). The blood Kline 
test Avas negative, blood urea nitrogen nonnal. The red cell sedimentation 
rate Avas normal. Blood cultures Avere negative. 

The hospital course over a period of 5 Aveeks Avas one of ])rogressive AA^eak- 
ness Avith irregular feA'^er. There AA^as, hoAveA’’er, no Aveight loss. The skin 
lesions on the face regressed slightl 3 L The lesions on the palate increased 
in size and became painful but never ulcerated or bled. During the sixth 
Aveek in the hospital bronchopneumonia deA’-eloped. The patient died 2 
AATeks later. 

Histologic examination shoAA^ed fibrous and intunal thickening in the 
splenic arteries; hyperplasia of the lymph nodes— no activation centers 
Avere seen; endothelial proliferation of some tufts in the kidney and in man3’- 
glomeruli definite hyaline thickening producing the ‘bvire-loop” appearance; 
a feAv eosinophilic thrombi in glomerular capillaries. No periarteritis or 
glomerulonephritis Avas seen in the kidneys. No changes AA^ere seen in the 
mitral or tricuspid valves. There Avas A'^er 3 '- early pericarditis. 

Anatomic Diagnosis. General atrophic dermatitis; serofibrinous pleuris 3 ’^; 
bronchopneumonia of both loAver lobes; slight fibrinous pericarditis; mode- 
rate edema of the perirenal and perivesical tissues; slight h 3 fperplasia of the 
para-aortic and mesenteric nodes; passive congestion of the spleen and 
liver, and a calcified nodule in the liver. 

Case 5.— M. R., a 20-year-old, single AAmman of Italian parentage, AA^as 
first admitted to the hospital in July 1939 complaining of arthritis in various 
joints for oAmr 2 years. In the summer of 1937 there Avas sudden onset of 
severe joint ])ains in both hands; 2 months later SAA^elling of the hand joints 
began and persisted. Subsequently the patient AA'as confined to bed on 
several occasions because of invoKement of the other joints. 

Physical examination shoAA'ed a AA’-ell-nourished 3’’Oung AA’oman AA'ith gen- 
eralized l3unphadenopath3L There AA'as spindle-shaped SAA-elling of the 
interphalangeal joints of the hands and third right toe. There were signs of 
a small amount of fluid in the right knee joint. The blood pressure AA-as 
115/70. The urine shoAved a specific gravity of 1.010-1.027 and a trace of 
albumin. The hemoglobin was 10.6 gm. The red blood count AA'as 3.6 
million. The AA'hite blood count Avas 3900 AA'ith 28 % immature pobmuclears. 
The blood Kline test AA'as =*= at one time, 3-f- at another; the blood Wasser- 
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mann was anticomplementary. The red cell sedimentation rate was 
elevated. Blood cultures were negative. Biopsy of an axillaiy lymph node 
was interpreted as shovdng eply lymphosarcoma but Hodgkin’s disease 
was also felt to be a possibility^. Roentgen ray treatments were given. 
The lymph nodes decreased markedly in size and the joint pains disappeared. 
Alter a week, however, a sharp pain in the lower left chest developed with 
night sweats and fever and edema of the face and neck appeared. The 
anterior cervical and submental nodes became enlarged, soft, and tender, 
A second series of Roentgen ray treatments was given 2 weeks after the 
first, but was discontinued because of evident signs of disseminated lupus 
erythematosus, the skin rash having occurred with butterfly distribution on 
the face. Biopsy of a skin lesion of the arm showed marked lymphocytic 
infiltration about the small vessels felt to be compatible with lupus but not 
diagnostic. Within a week the fever rose, the slan lesions cleared, respira- 
tions^ became labored and the voice hoarse. Laryngoscopy showed diffuse 
swelling of the vocal cords: tracheotomy Avas done. A terminal broncho- 
pneumonia developed. 

Amlomic Diagnosis. Atrophic dermatitis of the face, neck, and shoulders; 
bronchitis and bronchopneumonia; serous pleural effusion on the left; 
fibrinous pericarditis and ascites; edema of the loAver extremities, abdominal 
wall, gastro-intestinal tract, retro-peritoneal tissues, and mediastinal 
structures of the face and neck; hyTierplasia of the nodes in the cervical, 
axillary and abdominal regions; arthritis of the fingers, knees, and elbows; 
hyperplasia of the lymphoid tissue of the ileum and acute enteritis vdth 
ulceration. 

Histologic examination showed fibrous thickening of the arteries of the 
spleen; hyperplasia of lymph nodes with numerous small activation centers; 
in the kidney many tufts with marked hyaline thickening— "wfie-loop” 
lesions, and some eosinophilic thrombi; very early fibrinous pericarditis. 
The mitral valve was normal. No periarteritis or glomerulonephritis was 
seen. 

Case 6.— M. S., a 27-year-o!d, married American woman, was first ad- 
mitted to the hospital in February 1940 complaining of attacks of stiffness 
in the arms and legs for 4 months. In 1936 a raised, dry'^, red rash covered 
her nose and cheeks and spread to her chin. This improved slightly under 
light treatment but became more severe during a pregnancy in that year. 
One year before admission it was noted that the bands and feet, when 
exposed to cold, became white and pinched distaUy and jpurplish proximally. 
Six months before admission intermittent stabbing pains in the shoulder 
blades began. Turn months later the fingers, anns, and legs became stiff 
at intervals, sometimes with fever. The patient was observed at another 
hospital Avhere pericarditis vuth effusion was diagnosed. Biopsy of the 
deltoid muscle there showed periarteritis and perivasculitis consistent ndth 
disseminated lupus erythematosus. Sulfanilamide was given vith im- 
provement for a time. After a month, stiffness of the extremities recurred 
and fever set in. There had been a rveight loss of 27 pounds in the year. 

Physical examination on admission showed a dry, scaling, irregularly 
confluent lesion, slightly raised and brovmish, over the chin and lips. 
There was an irregular pink-red macular eruption over the forearms, chest, 
and knees. There was a diastolic gallop rhythm over the mitral area. The 
second pulmonic sound was markedly accentuated. The blood pressure was 
110/84. The hands and feet were cold and of a pale lavender hue. The 
range of movements of the joints Avas restricted. Urine: sp. gr. 1.009- 
1.025, an occasional trace of albumin, and 3 to 5 red blood cells per high 
poAA'er field. Hemoglobin, 9.9 gm.; the red blood count 3.7 million. The 
AA’hite blood count was 5000 (52% immature neutrophils and 5% eosino- 
phils). The blood IQine test was negatiA'e. The blood urea nitrogen was 
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nomial. The red cell sedimentation rate was elevated. Blood cultures were 
negative. 

In the hospital the macular rash faded promptly. Several attacks of 
abdominal pain occurred. A vesicular eruption appeared on the roof of the 
mouth and tongue. A deep ulceration was felt in the hollow of the sacrum. 
There was an irregular fever. Gradual weight loss and pro^essive weakness 
occurred. After an epileptiform comuilsion, the patient died in circulatory 
failure during the seventh week in the hospital. 

Histologic examination showed massive iymphocjdiic infiltration between 
the venous endothelium and the trabecula in many places in the spleen. 
There was very early fibrinous pericarditis. The mitral valve showed no 
change. There was a mild myocarditis of the periarterial type. At the 
base of the tricuspid valve on the ventricular wall were small thrombotic 
masses. The kidneys showed chronic pyelitis with central abscesses and 
pus in the tubules. No “wire-loop” lesions were seen. 

Anatomic Diagnosis. Focal atrophy of the skin of the face, right ear, 
chest, and shoulder; edema of the lungs with hemorrhage; fibrous adhesions 
between visceral and parietal layers of the pleura and peritoneum with 
hydropericardium and bilateral hydrothorax; acute pyelonephritis on the 
left; passive congestion of the spleen and liver; colitis with multiple large 
ulcers in the rectum and descending colon and extension of the inflammation 
to the parietal tissues; patent foramen ovale. 

Discussion. All 6 cases were in ivomen aged 20-36 years. Three 
of the patients were of American parentage; 1 was of Italian, 1 of 
Polish, and 1 of Swedish extraction. Four were married and had 
had 1 or 2 children. The occupational histories were not remarkable. 
One patient had had a tuberculous neck gland at the age of 10 years; 
5 had had tonsillectomies. 

The duration of the joint pains varied from 6 months to 6| years. 
The “butterfly” skin rash was noted in all, in one 18 days before 
death, in another persisting for 11 years before death. All of the 
patients had fever at times during periods of 3 weeks to 4 j^ears. 
All lost considerable weight. One patient showed postneuritic 
optic atrophy. Splenomegaly was found in 2 patients. The heart 
findings were varied. All the patients showed some tachycardia, 
usually paralleling the temperature rises. In the one case, however, 
which showed at autopsy verrucous endocarditis, no cardiac lesion 
was diagnosed clinically. 

The urine showed from a trace to 2 -\- albumin in all cases, with 
red cells and casts in each case at one time or another. All showed 
slight to moderate secondary anemia. The white cell count was 
under 5000 in 2 cases, 5000-io,000 in 3 cases, and 12,000 in 1 case. 
The blood Wassermann test was negative in 4 cases, anticomplc- 
mentary in one case, and 34- at times in 1 case in whom no history 
or other findings suggestive of syphilis were found. 

The hospital course was marked by progressive weakness in each 
case. The duration of the hospital stay varied from 42 days to 
29 months. Bronchopneumonia was a terminal event in 5 cases, 
complicated in one of these by congestive heart failure. One patient 
developed commlsions and circulatory failure just before death. 
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rostinortein examination showed fibrin about the pleural and 
jjcrieardial surfaces in all 6 cases; infiltration was, however, not seen 
histological^' in the pericardium in 3 of these. In onlj' one case 
was endocarditis detected grossly; that was verrucous in tyjie, 
involving the mitral and tricuspid valves, the aortic leaflets, and 
tlie mural endocardium of the left ventricle. All 6 cases showed some 
e\'idence of kidney abnormality, chronic pyelitis with abscesses 
being present in one case. There was lymph node hyperplasia in all 
cases. The li\'er and spleen showed grossly chronic passive conges- 
tion. There were hemorrhages in the inte.stinal mucosa in 2 cases, 
ulceration in 2 others. There were evidences of synovial joint 
changes in 2 cases. Endocarditis was not confirmed histologically 
in the one case where it was seen grossly because sections were not 
made of the valves. Endocarditis, typical of the early Libman- 
Sacks type, was identified on the tricuspid valve on one other case, 
the onlv one in which that valve was sectioned ; this lesion was not 
seen grossly and was unaccompanied by histologic evidence of 
pericarditis or specific renal lesions. Histologically the lymph nodes 
showed only hyperplasia, usually with no germinal centers. The 
spleen showed hemosiderin in 1 case, megakaryocytes and mye- 
lopoiesis in another, and perivenous infiltrate in the trabeculce of 
2 cases. The kidneys showed “wire-loop” lesions in 3 cases. No 
periarteritis or diffuse glomerulonephritis was seen. One case showed 
a curious subcapsular interstitial and glomerular nephritis with 
only focal disseminated lesions. No case showed the curious re- 
fractile thrombi or precipitate in glomerular capillaries. 

Certain significant points are listed in Table 1, page 40. 

Summary. The clinical, laboratory, and autopsy findings in 6 cases 
of disseminated lupus erythematosus observed at the New York 
Hospital between 193G and 1940 are reported. 

No common etiologic basis was observed in these 6 young women. 
Study of the diseased tissues cast no light on the pathogenesis. 

While vascular lesions were observed, none of the cases resembled 
])eriarteritis nodosa. Noteworthy was the frequent association with 
acute and chronic arthritis and Avith pericarditis. 
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RHEUMATOID ARTHRITIS AND RHEUMATIC HEART 
DISEASE IN AUTOPSIED CASES. 

By Theodore B. Bayles, M.D., 

RKSEAIiCH TELLOW, nOBEIlT BHECK BRIGHAM IIOSPITAB, 

BOSTOK, MASS. 

(From the Medical Service of the Robert Brock BriRhnm Hospital and the Depart- 
ment of Medicine of Harvard Medical School.) 

Lesions identical with some of the rheumatic fever changes in 
the heart have recently been reported to be present in a little over 
half (56%) of patients (25) dying with apparently characteristic 
rheumatoid arthritis.^ An analysis. and review of the literature 
concerning this relationship reveals that except for the above paper, 
little pathologic information concerning cardiac findings in rheuma- 
toid arthritis is available. Numerous clinical reports of the co- 
existence or relationship of these two diseases in the same patients 
or in different groups of patients have not served to clarify the 
situation.'*''^'®'®''* Pathologic studies on the subcutaneous nodules 
which occur in these two conditions have shown somewhat similar 
fundamental changes.®-*® In more recent studies, Collins® and 
Bennett, Zeller and Bauer® have drawn attention to certain struc- 
tural and cytologic dissimilarities between these subcutaneous 
lesions. On the basis of morphologic data, it was usually possible 
for the latter authors to distinguish the nodules occurring in rheu- 
matic fever patients from the nodules occurring in patients with 
rheumatoid arthritis. Because of these observed differences it was 
suggested that the lesions may be due to different agents. 

Since the question of the coexistence or relationship of these two 
diseases is at present in doubt, it seemed worthwhile to review the 
autopsied cases of rheumatoid arthritis which are available at the 
Robert Breck Brigham Hospital. The material presented should 
be regarded as added information rather than as an attempt to 
settle the discussion. It is further hoped that eventual clarification 
of these two disease entities and their interrelationship, if any, will 
speed the search for the causative factor or factors concerned. 

Materials and Methods. Twenty-three patients with definite rheuma- 
toid arthritic changes in their joints have been studied at autopty at the 
Robert Breck Brigham Hospital since 1914. The course and clinical find- 
ings were characteristic of rheumatoid arthritis with chronic joint pain and 
swelling producing progressive crippling over a period of years. In some 
instances the presence or absence of arthritic activity at the time of death 
could not be definitely ascertained but in each case the clinical and roent- 
genographic evidence made inescapable the definite diagnosis of rheuma- 
toid arthritic crippling of some years’ duration. All cases in which there 
was any question of another clinical cause of joint deformity have been 
rigidty excluded. The history of the patients and the temporal relation- 
ships of the two disorders have been renewed and tabulated. 

The pathologic information has been obtained in most instpees from 
the protocols of the gross and histologic findings. The criterion for the 
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gross diagnosis of rheumatic heart disease was gross valvular change such 
as thickening of the leaflet edges and retraction of the leaflet edge by the 
shortened chordae tendinaj. The presence of active typical Aschoff bodies 
was used as the histologic criterion for the diagnosis of active rheumatic 
fever. Dr. J. B. Hazard performed the autopsies on Cases 7, 13 and 23 
(Table 1) and reviewed this material. Four of the autopsies, Cases 3, 5, 
14 and 22 (Table 1), were performed by Dr. G. A. Bennett and he kindly 
reviewed the material from them. 

Results. The pathologic findings in the joints were well advanced 
in most instances as the duration of rheumatoid arthritis varied 
from 1 to 25 years with an average duration of over 11 years. In all 
patients several joints were involved grossly and showed fusiform 
swelling or an ankylosing deformity. When complete ankylosis 
was present it w^as either fibrous or bony with disappearance of the 
joint space. Joints with fusiform swelling showed at autopsy thick- 
ened reddish synovial membrane and a doughy thickening of the 
articular capsule and periarticular tissues. Pannus formation ex- 
tending centrally over the articular surfaces of the joint cartilage 
was seen in each instance. The cartilage was pitted and thinned 
under the pannus. In the patients with joint deformity of long 
standing (usually over 7 years), the edges of the joint surfaces 
showed some chondro-osseous proliferation. 

Microscopic studies of sections through the synovia and the 
articular capsule usually showed an inflammatory process of moder- 
ate severity. The synovial lining cells are sometimes oriented in a 
vertical direction. The subsynovial layers are somewhat edematous 
and infiltrated with lymphocytes and other forms of leukocytes, 
including neutrophils. There are scattered small collections of 
lymphocytes centered around blood-vessels. In the more active 
cases acute inflammatory lesions involving small blood-vessels are 
also noted and occasionally these seem thrombosed and often a 
considerable amount of acidophilic hyaline fibrin or fibrin-like 
material is found on or within the synovial lining tissues. Sections 
from the articular surfaces show a layer of vascularized and chroni- 
cally inflamed connective tissue (pannus) extending over the carti- 
lage and producing dissolution and thinning of this joint element. 
The underlying bone is atrophic. In the patients with arthritis of 
long standing, microscopic studies of the joint surfaces show that 
they are joined together by dense fibrous tissue pannus that is 
moderately infiltrated diffusely and in focal areas with lymphocytes. 
In some patients, this connective tissue bridge is undergoing calci- 
fication and even bone formation. The patients with the Striimpell- 
Marie variety of rheumatoid arthritis showed fundamentally the 
same pathologic processes in the joints of the spine with calcification 
of tlie spinal ligaments in all our cases. The shortest duration of 
this disease was 7 years in our group. 

Table 1 summarizes the clinical facts and the pathologic findings 
in the hearts of these patients. 
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Gross Lesions in the Heart. Six (Cases 1 to 6) of 23 cases of rlieu- 
matoid arthritis had cardiac changes at autopsy characteristic of 
those usually found subsequent to rheumatic fever Avith cardiac 
involvement. Four of these 6 cases showed varying degrees of 
mitral stenosis and 1 had aortic stenosis. Case 3 had slight mitral 
stenosis and moderate aortic stenosis of 22 years’ standing. The 
Aveight of the hearts of these patients A^aried from 360 to 610 gm. 
AAuth an average weight of 477 gm. 

' Cases 1 and 2 also had gross pericardial iiiArnh'^ement. Case 1 
shoAA’^ed an active adherent pericarditis obliterating the pericardial 
space AA'hile Case 2 had a healed adherent patch of pericarditis. 

Taa^ additional patients (Cases 7 and 8) had adhesive non-con- 
stricting pericarditis. One (Case 7) AA^as healing and occurred con- 
comitantly Avith very active rheumatoid arthritis (Still’s disease) in 
a 12-year-old girl; the pericardial and pleuropericardial adhesions 
produced cardiac hypertrophy (340 gm.) but there Avere no endo- 
cardial changes before or after death and multiple sections of the 
pericardium and myocardium shoAved no Aschoff nodules or other 
pathognomonic changes of actiA^e rheumatic fever. In the second 
(Case 8) the pericarditis AA^as found to be healed and thinly fibrous 
in a 72-year-old Avoman Avith no history of rheumatic feA'er; in this 
case the heart AA^eighed 260 gm., here again rheumatic stigmata Avere 
absent. 

The cardiac lesions not consistent Avith those of rheumatic fever 
found in 13 of the remaining 14 cases Avere mild arteriosclerotic 
changes in the older patients and consistent Avith their age. In none 
of these Avere the cardiac changes lethal. The remaining patient 
(Case 14) had a symptomless congenital ductus arteriosus, diagnosed 
antemortem. 

Histologic Lesions. In no case did the histologic examination 
disclose active or inactiA^e rheumatic changes in the tissue AA^iich 
might not haA^e been apparent at the gross examination. In only 
1 of the 6 cases Avith gross cardiac changes did the histologic exam- 
ination reA'^eal activity of the lesions Avith changes that may liaA'e 
been due to actiA^e rheumatic feA'^er. Case 1 had at autopsy a healing 
inflammatory pericarditis in the presence of actiA^e pulmonary 
tuberculosis and terminal bronchopneumonia. The activity of this 
pericarditis might haA^e been due to the pulmonary infection or the 
rheumatic feA^er state, but neither Aschoff nodules or tubercles Avere 
found in the sections. Therefore it AA^as not possible to conclude 
more than tiiat this lesion might represent an active rheumatic 
fever change, but that it may be entirely dependent upon the pul- 
monary infection. The fact that 3 of Cases 2, 3, 4 and 5 had 
terminal pulmonary infection without eA'en questionable actiA’e 
rheumatic fever changes in the tissues could be interpreted to faA’or 
the possibility that the actiA'^e tissue changes in Case 1 might be 
due to rheumatic feA'er. In Case 5 there AA'as healed rheumatic 
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mitral valve thickening with terminal platelet deposits, but no 
active rheumatic lesions were seen. Histologic examination re- 
vealed inactive rheumatic fever changes in the valve leaflets and 
myocardium in the other cases (Cases 2, 3 and 4, Table 1). 

Clinical Observations and Comment. There were 12 female and 
11 male patients in this series, and of the latter, 5 had a Strumpell- 
hfarie type of involvement. Three of each sex had rheumatic 
changes in the heart at autopsy. Rheumatoid arthritics of the 
usual type had about the same frequency of cardiac changes as did 
the Still or Striimpell-Marie varieties. 



Fig. 1.— Incidence of rheumatic heart disease at autopsy as related to the age of onset 

of rheumatoid arthritis. 


Figure 1 reveals no tendency for the age of onset to have any 
effect on the incidence of cardiac changes due to rheumatic fever. 
The average age of onset of rheumatoid arthritis of patients without 
cardiac changes was 29 , 3 years less tlian the average for those with 
cardiac changes, 32 years. ' ■ '■ 

Of the 6 cases with rheumatic cardiac changes 3 had a rapid 
onset of their arthritis, 1 moderately rapid and 2 insidious. 
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Three patients (Cases 3, 16 and 17) gave a definite clinical historj' 
of rheumatic fever but only Case 3 had subsequent rheumatic cardiac 
changes demonstrable at death and tliese were inactive. Correcting 
the statistics by the exclusion of this patient, 5 of 22 patients (22%) 
dying with rheumatoid arthritic changes in the joints had rheumatic 
cardiac changes at autopsy unexplained by a known previous attack 
of rheumatic fever. This, while an impressive finding, is less than 
one-half tlie percentage found by Baggenstoss and Rosenberg^ in a 
series of 25 cases, even when their series is corrected for the same 
factor. 

A^fiiile a series of this size does not lend itself to statistical analysis, 
there are three important factors which appreciably temper the 
importance of finding 22% with rheumatic cardiac changes at 
autopsy. First, in one-half of the patients in which there were 
rheumatic changes at autopsy the heart was the center of interest 
ante- and postmortem. Two died of subacute bacterial endocarditis 
superimposed on inactive rheumatic vulvulitis and 1 of cardiac 
decompensation resulting from aortic stenosis and cardiac hyper- 
trophy. Only 3 of 19 patients (15%) dying of non-cardiac causes 
had rheumatic cardiac changes at autopsy. Second, 4 of tliis group 
of 23 patients (17%) had clinical signs of rheumatic heart disease 
antemortem. This is a significantly larger proportion than the 7 % 
found by Dawson and Tyson'^ and the 5% found in our clinic^ in 
100 consecutive rheumatoid arthritic patients. Third, as clinical 
activity of the rheumatoid arthritis was usually present at the time 
of death, it seems unusual, if the two diseases are related, that only 
1 case in 23 (4%) showed signs of active rheumatic fever and even 
in this one, these signs were not pathognomonic but onlj'’ suggestive. 
These observations appear to make this group selected rather than 
usual, but why they should come to autopsy more than an unselected 
group is not clear, unless the type of fatal illness led to hospitaliza- 
tion and more intensive study. It is well known that sufferers of 
rheumatoid arthritis do not die of this disease and that many die 
of other causes in nursing homes or in their own homes where 
facilities for autopsy examination are not readily accessible. 

Summary and Conclusions. Of 23 autopsied cases of rheumatoid 
arthritis, 6 were found to have changes in the heart valve leaflets 
and myocardium similar to tliose tliat usually follow rheumatic 
fever. The histologic lesions of 1 of these 6 could possibly be con- 
sidered active and 5 were inactive in character. Excluding 1 patient 
because of definite rheumatic fever and rheumatic heart disease 
present in childhood, 22% had rheumatic cardiac lesions. The fac- 
tors of accentuation on cardiac death, the relati^’•ely large group with 
cardiac changes antemortem as compared to control groups, and 
tJie small number of cases (possibly 1) with active rheumatic fe^'er 
lesions have been pointed out. The rheumatoid nrthritics in this 
apparently selected series ha^'e a rather high incidence of cardiac 
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lesions similar to those that follow rheumatoid arthritis. A coin- 
cidence, a relationship of rheumatic fever and rheumatoid arthritis 
or the possibility that the heart disease is related to rheumatoid 
arthritis might be inferred from this data. Since patients with 
rheumatoid arthritis have to die of some other cause than their 
disease, it would be .safer and probably wiser, as ^•et, to dela\' a final 
conclusion until further studies teach us which one of the above 
three situations truly obtains. In the clinical treatment of the.se 
])atient.s, we have preferred to regard the cardiac changes as a coin- 
cidence of rheumatic heart disease and rheumatoid arthritis. 
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THE ROLE OF HEART DISEASE IN THE PSYCHOSES 
OF THE SENIUM. 

By vS.amuel R. Rosen, hl.D., 

RESIDEXT PSYCHIATRIST, BLYTHEAVOOD SANITARIUM, GHEENAVICH, CONN. 

and 

Iv.YRL L. Smith, M.D., 

RESIDENT physician, SIARY MC CLELLAN HOSPITAL, CAMBRIDGE, N. Y. 

(From the Neuvopsychiatric Department of the Albany Hospital and Albany Medical 

College, Albany, N. Y.) 

The recent increased interest in geriatrics has stimulated con- 
siderable research in this field particularly in connection with 
the psychoses of the senium. IMiereas formerly psychiatrists were 
content with descriptive studies of the clinical and histopathologic 
features of these conditions, attention now has turned toward 
inquiries into the physiologic changes involved. 

The main focus of investigation at present centers upon cerebral 
metabolism. Cameron et at? have suggested in psychoses of the 
senium that the capacity of the cerebral tissues to take up oxygen 
i.s reduced. They point out that the average arterial oxygen is 
definitely lower than normal (16.31 vol. %) and that arm-to-carotid 
circulation time is definitely lengthened (25.6 seconds). Pursuing 
this line of ini-estigation further, Cameron and Rosen^ have demon- 
strated that there is decreased reactivity of the intracranial vessels 
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in the aged as shown by a significantly diminished response to the 
action of Instamine upon cerebrospinal fluid pressure. 

The present study was undertaken from this same department to 
demonstrate whether circulatory insufficiency plays a significant 
jiart in contributing to the relative cerebral anoxia that obtains in 
these cases. 

Method. The case material consisted of 43 patients suffering from psy- 
choses associated with the senium. After psj’’chiatric evaluation of the types 
of conditions involved, the cardiovascular status of each case was evaluated 
by careful review of medical histoiy, physical examination, search for 
pertinent signs and sj^ptoms, radiographic studies of the size of the 
cardiac shadow, electrocardiograms, and in doubtful instances, consultation 
with the Medical Service of the Albany Hospital. The classification em- 
ployed was that of the New York Heart Association. The cases fell into 
3 groups as follows: 

1. No evidence of cardiovascular disorder (16 cases). 

2. Class I heart disease, i. e., organic heart disease, but capable of carry- 
ing on ordinary activities without undue fatigue, palpitation, dyspnea or 
chest pain (15 cases). Included in this group were 2 cases of Class HA 
heart disease, i. e., fully compensated but liable to develop dyspnea upon 
moderate exertion. 

3. Class IIB and HI heart disease, i. e., patients with activities greatly 
limited manifesting signs of congestive heart failure on slight exertion 
(IIB) or with signs and symptoms of congestive failure while at rest (III. 
12 cases). In this group the patients were obviously suffering from a toxic 
(cardiac) psychosis superimposed upon or aggravating the senile state. 

The symptoms present in all cases were characteristic of the psychoses of 
the senium— loss of recent memory, confusion, disorientation, delusional 
and occasionally hallucinatory experiences, impaired sense of values, 
changes in mood and habit deterioration. 

Determinations of venous pressure and ann-to-carotid circulation time 
were made. The venous pressures were obtained by a modification of the 
direct method of Taylor et al}'- An L-shaped calibrated tube about 30 cm. 
in length and 3 mm. in bore is attached by an adapter to a 3-way stopcock 
which supports a 10-cc. syringe and a 20-gauge needle so that both syringe 
and needle lie in a straight line. The apparatus is autoclaved and the 
syringe partially filled with phj'^siologic saline with which the manometer in 
turn is filled to within a few centimeters of the top. The patient* is in the 
recumbent position with the upper extremity supported by pillows so that 
an antecubital vein is 5 cm. below the angle of Luis, thus approximating 
tlie blood level in the right auricle. The horizontal ann of the manometer 
is adjusted to this same level (it was found that when this was done, minor 
clianges in the position of the arm did not affect the venous pressure level 
because, once the needle is in the vein, a closed system exists between the 
manometer arm and the heart). The stopcock is then set so that veni- 
l)uncture can lie done. A sufficient interval is taken to allow for compression 
cuff venous stasis to subside. Some of the saline remaining in the sj-ringe is 
then used to wash the withdrawn blood back through the needle into the 
vein and the manometer is switched in. The saline level in the manometer 
then drops to the level indicating the venous pressure and is read off on the 
calibrated tube in centuneters of physiologic saline. The stopcock is turned 
again and blood Avithdrawn into the sjrringe to test for possible clotting. 

=*■ All determinations made under basal conditions, i. c., in the morninp: before 
patient has arisen from his bed or has breakfasted. 
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The manometer is refilled with saline and the venous pressure rechecked 
The readings should not vary by more than 1 cm. The upper limit of normal 
is accepted as 10 cm. 

Arm-to-carotid circulation time was determined by the cyanide method 
of Robb and Weiss'” with normal values ranging from their value of 15 G 
seconds to 18.7 seconds reported by Freeman.'* 

Tests were repeated at least once on different days. 

Results. (See Table 1.) Tlie -averages presented show definitely 
abnormal findings in the Class IIB-III group, whereas the other 
two groups reveal practically similar values, namely, venous press- 
ures within the normal range, and circulation times significantly 
elevated but markedly lower than the average in the Class IIB- 
III group. 
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♦ *= Venous pressure in centimeters of physiologic saline 
t «* Circulation time in seconds 
i = Patient markedlj agitated and tense 


Discussion. Fishberg et al? and other investigators ha\’e stated 
that venous pressure is normal in pure left heart failure when the 
right ventricle is adequately functioning but is increased in right 
heart failure. Hitzig et aV and other workers have proven that in 
left heart failure arm-to-tongue circulation time (gluside method) 
is elevated while arm-to-lung circulation time (ether method)® 
is within normal limits. The results of venous pressure and circu- 
lation time tests are therefore highly significant in determining the 
presence of cardiovascular disorder aside from other laboratory and 
clinical methods. 

The abnormal values found in the Class IIB-III group confirm the 
status of these cases as decompensated cardiacs with right or/and 
left heart failure in whom the psychosis is due to a relatively marked 
degree of cerebral anoxia occurring during the senium. However, 
the similarity in the findings in the other two groups, one with mini- 
mal organic, non-symptomatic heart disease, and the other without 
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demonstrable organic heart disease suggests that cardiac disorder 
plays no significant role in the large group of the psychoses of the 
senium except as may be indicated by the moderate elevation of the 
circulation time. This latter may be nothing more than a mild 
circulatory slowing consistent with the generally decreased metab- 
olism attending senescence, as indicated by Kise and Ochi® and 
Lewis.® Other conditions not associated with demonstrable cardio- 
vascular disorder may have an increased circulation time as shown 
by Freeman^ in a comparative study of normal and schizophrenic 
subjects. However, whether or not a mild degree of subclinical 
arteriosclerosis may be responsible for this increase cannot be 
definitely ruled out. Gottlieb® found a mean circulation time of 
24.4 seconds for 11 patients with slight arteriosclerosis. Wortis 
et studied a group of cerebral arteriosclerotics ranging from 59 
to 97 years of age and found that the circulation time was somewhat 
slow concluding that there is reduced brain metabolism. One must 
question the comparability of their findings, however, since they 
regard an average of 16.6 seconds as abnormal compared to their 
normal of 15 seconds obtained by a method which probably did not 
utilize basal conditions. 

Summary and Conclusions. 1. The cardiovascular status of 43 
cases of psychoses in the senium was carefully evaluated. 

2. Venous pressure and arm-to-carotid circulation times were 
determined. 

3. Twelve cases had advanced cardiac disease and showed 
markedly abnormal values, 15 cases had minimal organic heart 
disease Avithout symptomatology; and 16 had no demonstrable 
organic heart disease. These last 2 groups had normal venous press- 
ures and very moderately elevated arm-to-carotid circulation times. 

4. The significance of the above findings is considered and the 
role of arteriosclerosis discussed as a possible cause for the moder- 
atelj'^ elevated circulation time. 

5. It is concluded that cardiac disease plays a minor role, if any, 
in the psychoses of the senium in which obvious advanced heart 
disease is not present. 
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EXTREME TACHYCARDIA: WITH REPORT OP NON-PATAL 
PAROXYSMS POLLOWING MYOCARDIAL INPARCTION. 

By Joseph Edeikex, M.D. 

I'HIMDBI-I’JIIA, I'.\. 

(From the Edward B. Robinette Foundation, Medical Clinic, Hosv)itai of the Uni- 
versity of Pennsylvania, and Medical Service No. 1, Mt. Sinai Hospital.) 

In ] 921 Lewis'- and Jiis associates shouted that when the auricles 
of a mammalian heart were stimulated faster than 300 per minute, 
the auriculo-ventricular node failed to transmit each stimulus and 
as a result dropped beats, a 2:1 rhythm occurring with consequent 
slowing of the ventricles. The critical rate at which 2:1 rh.vthm 
occurs in the auricular muscle was found by Lewis to be approxi- 
mately 450; the critical rate for the A-V node 270-300 per minute; 
the critical rate for the ^"ent^icle was intermediate. Lewis also 
found that if the auricles were driven at rates surpassing 300 per 
minute, the ventricles would beat at a lower rate. Howe\-er, it 
was not the ventricles which failed to respond, for it responded if 
the stimulus was directly applied to it, but the A-V node which 
failed to transmit. In the mammalian heart, therefore, the upper 
limit of ventricular rate to be expected in extreme tachycardia 
arising in the auricles or A-Y node should be in the neighborhood 
of 300 beats per minute. 

A review of the literature shows that the upper limit at which the 
ventricles of the adult human heart can beat for a relatively pro- 
longed period is approximately 300 per minute, although in infancy 
several cases with a higher rate have been recortied. Fifteen cases 
with a recorded ventricular rate of 300 or more per minute have 
been reported in the literature.®"®"'*’-""'® 

To this group we wish to add 2 cases. The first was one of acute 
coronary occlusion in which paroxysmal tachycardia with an 
extremely rapid rate occurred twice— once for a period of 12 hours 
with a ventricular rate of 310 per minute, and, after an inter^'al of 
a day and a half, for a period of 34| hours, with a ventricular rate 
of 303 per minute. Following the paroxysms, the rhythm returned 
to normal sinus rhythm and the patient made an uneventful recov- 
ery. The second patient was an infant, aged 22 days, who expired 
2 days after the tachycardia was diagnosed. 

Case Reports. Case 1. R. G., a white woman, aged 46, wa.s admitted 
to Mt. Sinai Hospital, Philadelphia, to the service of Dr. A. I. Rubenstone, 
on June 1, 1939. She had been in comparatively good health until May 28 
when she was suddenly seized vdth substemal pain radiating to the left 
.shoulder and down the left arm to the finger tips and associated with 
dyspnea. This attack lasted about J hour but similar attacks recurred 
at interv'als of about 10 minutes. The pain was evidently not verj' severe 
inasmuch as a physician was not called. Attacks occurred during the entire 
day of May 29. She was relative^' free of attacks on the 30th but on 
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Maj’^ 31 the recurrciice of the attacks forced her to consult a ijlij'^siciaii. 
The luedication prescribed bj'- him gaA'^e no relief and therefore hosjhtaliza- 
tion Avas advised. 

She had suffered from gastro-intestinal symptoms for manj’^ years and 
had been aAvare of an elevated blood pressure but othen\dse her j^ast medical 
historj’- Avas unimportant. Her menses had been irregular for 2 years and 
there had been mild menopausal sjTnptoms. 

Examination on admission revealed a A'^ery obese Avoman (Aveight 241 
pounds, height 60 inches) Avho appeared to be in great pain. There Avas 
slight cyanosis of the lips. Percussion of the cardiac borders AA^as difficult 
because of marked obesity. The heart action Avas regular, the sounds Avere 
distant but no muiTours Avere heard. The blood pressure Avas 96/60, but 
the folloAAung day Avas 170/110 and then dropped again to 94/60. Exam- 
ination AA^as otherAAuse negative except for diseased tonsils. The tempera- 
ture on admission AA^as 99° F. but rose to 101° at 8 p.m. Blood count shoAA'ed 
96% Hb. (13.9 gm.), 4,820,000 R.B.C. and 12,900 W.B.C. of Avhich 68% 
AA'ere polymorphonuclear cells. The urine AA'as essentially negative. The 
sedimentation time Avas 25 mm. in 60 minutes. Roentgen ray of the chest 
on 6-2-39 disclosed a marked enlargement of the heart and a Avide supra- 
cardiac area, but the lungs AA^ere essentially negative. Electrocardiogram 
taken on 6-2-39 (Fig. 1, A) shoAved in the chest lead the typical pattern of 
an acute infarction iiwolving the anterior surface of the left ventricle, but 
the limb leads failed to shoAv the usual pattern of an infarction until 6-14-39 
(Fig. 1, B). During this interval the patient AA^as comfortable but the 
temperature Avas irregular and the sedimentation rate Avas rapid (27 mm.). 
On 6-22-39 the patient AA'as aAA^akened by severe palpitation and soon be- 
came cold and clammy. Her blood pressure Avas 100/80. An electro- 
cardiogram shoAved extreme tachycardia of 310 per minute (Fig. 2, A). 
She Avas placed in an oxygen tent, given morphine (| gr.) to allay restless- 
ness and small doses (3 gr.) of quinidine sulphate every 4 hours. The 
attack lasted approximately 12 hours and the electrocardiogram taken at 
the end of that time shoAA'^ed normal sinus rhythm. Quinidine AA^as con- 
tinued and the patient AA^as comfortable until 8 a.m. of 6-24-39, AAdien pal- 
pitation recurred. An electrocardiogram (Fig. 2, B) shoAA^ed extreme tachy- 
cardia Avith a rate of 303 per minute. She Avas again placed in an oxygen 
tent, opiates given for restlessness and quinidine Avas given in 10 gr. doses, 
40 grains being gwen in 18 hours. In addition, poAvdered digitalis, 1| gr. 
t.i.d., AA'as given. HoAvever, the attack continued and on the morning of 
6-25-39, the patient appeared moribund. The blood pressure AA'as 80/68. 
Nine grains of digitalis Avere given intramuscularly at 11 a.m. and repeated 
at 5 P.M. An electrocardiogram taken at 5 p.m. shoAved no change. At 
6.30 P.M. she Avas examined and there AA'as no change in rhythm. A short 
time later the paroxj'sm ceased, having lasted at least 34-| hours. There- 
after her stay in the hospital Avas uneventful although her tem]Aerature 
continued to be slightly elevated. Her blood pressure rose and A'aried 
from 132/80 to 140/8^5. She Avas discharged from the hospital on 7-19-39. 
Since discharge she has been in good condition and has not experienced 
anj' attacks of cardiac pain or palpitation. Figure 1, C is the electrocardio- 
gram taken 12-2-40. ' 

Case 2. T. H., a AA-hite male infant, AA'as born of healthj' parents on 
5-7-42. He AA'as examined immediatety after birth and again on 5-17-42 
and AA'as thought to be normal. The child AA'as apparentty in good health 
until the night of 5-28-42 AA'hen his mother noticed .slight pallor, AA'hich 
AA'as more definite on 5-29-42. At this tinAe the maid thought the heart 
rate AA'as A'ery rapid; the mother A'olunteered the statement that for the 
preceding 4 or 5 daj's the heart appeared to be fast AA'hen she held the baby 
over her shoulder but considered it normal. On the eA'ening of .5-29-42, the 
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child wa.s examined by Dr. Elizabetli K. Rose and because of the extreme 
tachycardia was immediately admitted to the hospital of the University of 
Pennsylvania, .‘service of Dr. Jo.seph Stokes. On examination the child ap- 
l)earcd .somewhat pale but was not cyanotic, the re.spirations were rapid and 
•shallow but otherwise the infant did not appear to be in distre.ss. The heart 
did not ajrjiear enlarged to percussion, the heart action was regular but ex- 
tremely rapid, ±320 per minute; no nnmniirs ivere Iieard. During exami- 
nation the heart rate suddenly dropped to 160 per minute but 4 minutes later 
again doubled to 320 per minute. The lungs were clear but tlie liver was 
palpable 2 em. below the right costa Imargin; the limbs were negative. An 
electrocardiogram made &-30-42 (Fig. 2, C) disclosed a tachycardia of supra- 
ventricular origin of 320 jjer minute. A roentgenogram of the chest on 
&-30-42 disclo.sed possible widening of the base of the heart; the lung fields 
were clear. On the evening of .5-30-42 there was .slight cyanosis, the chest 
was clear, but the liver api}eared to have enlarged. At 12.30 a.m. 5-31-42, 
the child suddenly awoke from sleep with a shrill erj"- and at this time 
cyanosis was more marked, respirations rapid and labored and the temper- 
ature subnormal. The child was placed in an cxji-gen tent but did not 
rally and expired on 6-1-42 at 3.15 p.m. 

Postmortem examination (I 5 hours after death) failed to reveal the cause 
of death; except for slight dilatation of both ventricles the heart was normal. 
The widened mediastinal shadow' corresponded to the right lobe of the 
thymus. The tlijunus was top normal in size, 20 gm., but was not in a 
position to exert pre.ssure on the heart or mediastinal structures. 

Discussion. Data pertinent to the 1 7 cases with a recorded ven- 
tricular rate of 300 or more per minute are presented in Table 1. 
Certain results of the analysis of this material seem to merit dis- 
cussion. 

Affc. The youngest patient in this series was 4 days old, the 
oldest 50 years. Tweh’e of the group were infants, others were 14, 
32, 46, 47 and 50 years of age. Xot only has the majority of cases 
occurred in infants but the fastest recorded rates and the longest 
paroxysms have also been found in infants. These observations 
would seem to bear out the statement frequently made that there is 
a greater responsiveness of the conduction system and greater 
elasticity of the musculature in hearts of ^•ery young children, thus 
enabling them to tolerate prolonged attacks of rapid heart action 
and make a rapid and apparently complete recovery. 

Sfafm? of the Heart. Of the 4 instances (Cases 3, 9, 11 and 17) 
in which death occurred (all infants) postmortem examination was 
permitted in 3 (3, 9 and 1 7) and in each case a normal myocardium 
was found ; in C ase 3 there was a widely patent foramen ovale and 
in Case 9 death was due to streptococcic meningitis. The cause of 
death in Cases 1 1 and 1 7 was not definitely determined but a con- 
genital heart lesion was believed to have been present in Case 11. 
Another (Case 4) of the infant group had congenital heart disease 
and congenital heart disease was suspected in Case 13, but the 
remaining 6 (Cases 7, 8, 10, 12, 14 and 15) disclosed no clinical 
evidence of heart disease. In Case 12 Roentgen ray examination 
during an attack showed an enlargement of heart shadow, but this 
cannot be considered significant inasmuch as .similar findings liave 
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been observed l)y Iveitli and Bi-own,'-* and Lex ine and Goldeid' in cases 
of paroxysmal tachycardia xvith suijsequent return of the heart to 
normal size. In 8 of the 12 cases in the infant group, therefore, 
the heart was considered normal. 

In the boy of 14 (Case 5) a roentgenogram disclosed a question- 
able enlargement of the left auricle, but on clinical examination 
the heart was found normal. Two cases (2 and 6) in the adult 
group, aged 32 and 50, had exophthalmic goiter, the tachycardia 
following operation in 1. In both instances, however, subsequent 
examinations revealed normal hearts. Our case (10) had an acute 
myocardial infarction. 



A B C 

Eicj. 1.— Case 1. A, Record taken G-2-39, 2 days after attack of severe chest pain. 
Ventricular rate ca 150 per minute. B, Record taken 6-14-39, 2 weeks after the 
onset of pain and 8 days before the first paroxysm of extreme tachycardia. Rate 
100. C, Record taken 12-2-40, IS months after the attack of coronary occlusion. 
Rate 130. 

1 In the majority of instances, therefore, extreme tachycardia 

occurred in apparently normal hearts. In oidy 5 of the 17 cases 
,, was there evidence of organic heart disease and in only 1 of these 
j was there definite exddence of myocardial damage. 

^ Associaied Diseases. In 1 case (9), as stated aliove, streptococcic 

^ meningitis xvas present, 2 cases in the adult group suffered from 
I ■ exophthalmic goiter, in 2 cases (3 and 12) attacks seemed to be 
associated' with a gastro-intestinal upset, and in 2, cases (13 and 15) 
j there were pidmonary infections. 

i" 
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of auricular flutter. BedelP has suggested the term paroxysmal 
auricular tachj^sj^stole for cases of extreme tachycardia in which 
this distinction cannot be made, but we see no advantage in the 
adoption of sueh a term unless a need for its use to designate a 
hitherto unrecognized form of extremelj’’ rapid aurieular beating 
can be demonstrated. 

Symptomatology. Symptoms manifested during the attacks 
varied greatly in both the adult and infant group. Langley’s 
patient (5) a boy of 14 had no symptoms, and Blackford and Willius’ 
patient (2), a woman of 32 with exophthalmic goiter, walked several 
blocks to the office and during the first hour was not sufficiently 
inconvenienced to make any complaint. The patient reported by 
Berry (12), an infant of 16 months, had a taehycardia of 336-340 
per minute which persisted for 4 days without marked symptoms. 
On the other hand, in Bunn’s® and in Russell and Ellison’s case (4), 
a child of 15 months, there was complete collapse and the child was 
at first believed dead. 

In the remaining cases, signs and symptoms usually were not 
marked and of these, cyanosis or pallor, dyspnea, drop in blood 
pressure, congestive failure, weakness and restlessness were most 
prominent. Loss of consciousness occurred, in only 1 case (4). 
Pain was not an outstanding symptom in any of the cases. 

Effect of Treatment. An analysis of the cases suggests that treat- 
ment was of definite value in only 6 cases; in the remainder the 
attacks apparently stopped spontaneously. In Maekenzie’s case 
(1) the patient finally developed flutter and under digitalis therapy 
normal rhythm was restored after the flutter was converted into 
fibrillation. In Bunn’s case (6) regarded as ventricular tachy- 
cardia, quinine hydrochloride, gr. intravenously, produced 
auricular fibrillation with a ventricular rate of 150 and within 
48 hours normal rhythm was restored. Cases 10, 14, and 15 were 
apparently favorably influenced by digitalis and Case 8 by Ouabain 
and quinidine. In our case, the first attack stopped after about 
12 hours on quinidine therapy but the second and more prolonged 
one came on while the patient continued to take quinidine. More- 
over, quinidine in large doses failed to stop the seeond paroxysm 
which finally ceased after large doses of digitalis. It is therefore 
questionable whether either quinidine or digitalis exerted any 
beneficial effect. 

Outcome. On the basis of cases reported in the literature, Lyons 
stated that the prognosis in excessively ra,pid heart rates is good 
unless an assoeiated eondition is present which cannot be controlled 
and that excessively rapid rates occur in patients with relatively 
sound hearts. In Arenberg’s^ group of 39 cases of 1:1 flutter witli 
ventricular rates of 222-300, only 1 death was attributed to the 
tachycardia and this was caused by a eoronary occlusion due to an 
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antemortem clot from the left auricle. However, so far as we can 
determine, in no previously reported case has there been recorded 
an extreme tachycardia during the early stages of coronary occlu' 
sion. Although our patient recovered, it is obvious that this does 
not warrant a favorable prognosis in similar cases. The cause of 
death in :3 of the infant groups (Cases (3, 1 1, 17) was not ascertained 
and in these the possibility that extreme tachycardia may have been 
a major factor cannot be dismissed. 

Summary and Conclusions. 1 . Two cases of extreme tachycardia 
are added to the 1.5 cases previously rei)orted with a recorded ven- 
tricular rate of 300 or more per minute; in 1 instance the tachycardia 
occurred during the acute stage of myocardial infarction. 

2. So far as we can determine, our Case 1 is the only case in which 
such extreme tachycardia was recorded in the presence of acute 
myocardial infarction; in the other cases of extreme tachycardia the 
myocardium was regarded as sound. 

3. Two paroxysms of extreme tachycardia occurred in the ])atient 
suffering from myocardial infarction— one lasting 12 hours with a 
ventricular rate of 310 per minute and another lasting .‘H? hours 
with a ventricular rate of 303 per minute. The onset and offset in 
both attacks were sudden. 

4. The ventricular rate of 310 per minute is the fastest sustained 
tachycardia recorded in the adult human heart; more rapid rates 
have been recorded in infants. 

5. In 9 of the 15 previously reported cases, treatment did not 
appear to influence the paroxysms or prevent their recurrence. It 
is questionable whether treatment (quinidine and digitalis) exerted 
any beneficial effect in stopping the paroxysms complieating acute 
myocardial infarction. 


The author u-ishes to express his thanks to Dr. A. I, Ruhenstone and to Drs. Eliza- 
beth K. Rose and .Joseph Stokes, Jr., for permission to report the abor-c eases. 
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THE FAMILY HISTORY IN ARTERIAL HYPERTENSION 
A Study of 4376 Insurance Examinations 
By Robert H. Feldt, M.D. 

AND 

]). K. A¥. Wenstrand, M.D. 

MILWAUKEE, WIS. 

(From the Medical Department, Northwestern Mutual Life Insurance Company) 

The concept of a hereditary factor in essential hypertension has 
not been accepted all investigators. Striking reports^ have 
frequently appeared of single families with a high incidence of 
hypertensive vascular disease. Nevertheless, statistical studies 
have not demonstrated convincingly that heredity is a major factor 
in the development of hypertension. In some papers, the criteria 
used to classify the famil}*' history have not been clearly defined. 
The care with which the family historj^ is recorded and the age of 
the subjects are important variables which must be considered. 
Unfortunately, these factors have not always been taken into ac- 
count. This paper covers the results of a controlled study of 4376 
life insurance examinations in which only a slight relationship 
between the family history and the blood pressure was observed. 

More than 25 years ago, Janeway^ said that his “figures suggest 
a subordinate and accessory influence of inheritance for the majority 
of patients who have hypertension.” In 1923 Weitz® reported a 
higher incidence of heart disease, edema, and apoplexy among 
jiarents of hjqiertensive patients than there was among parents of 
persons who did not have hypertension. O’Hare, Walker, and 
^^ickers® compared family histories of 300 hypertensive patients 
whose average age was 52, wit'h records of 436 non-hypertensii’e 
patients whose average age was 36. A family history of apoplexy, 
heart disease, nephritis, arteriosclerosis, or diabetes was elicited in 
68% of the hypertensive group and 37.6% of the controls. Xuzuin 
and EllioU observed a positive family history in 30.8% of 500 
patients with high blood pressure and 29.6% of 250 persons with 
normal blood pressure. The average age of their two groups was 
the same. Palmer'^ reported on the incidence of familial vascular 
disease in 100 unselected patients ivith hypertension and 100 con- 
trols. The difference was so slight as to have no statistical signifi- 
cance. Ayinan^ observed that high blood pressure was more common 
in the offspring of hypertensive parents than it was in children 
whose parents had normal blood pressure. Hines^ noted a positive 
family history of hypertensive cardiovascular disease in 87% of 
267 patients with essential hypertension and in 30% of 608 persons 
with normal blood pressure. The comparative ages were not stated. 
In a relatively small series, Thacker® elicited a family history of 
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hypertensive cardiovascular disease in 54% of 96 hypertensive 
university students and in 3% of 128 students who had normal 
blood pressure. 

Material. The 4376 persons studied consisted of all the applicants 
(2188) who were refused insurance by the Northwestern Mutual 
Life Insurance Company in 1940 and 1941 because of high blood 
pressure and a control series of 2188 applicants who were issued 
insurance in 1940 and 1941 and whose blood pressure was normal. 
The control group was selected at random except that age and sex 
were matched with the age and sex of the applicants who had high 
blood pressure. The subjects were all members of the white race, 
and, in general, they were in moderate or good economic circum- 
stances. It cannot be said that 4376 different families were covered 
because certain unavoidable duplication occurred. For example, 
a brother and sister might have applied for insurance and, hence, 
the family history would be the same. Random sampling of 1062 
applications showed that each of two familj'- histories were counted 
twice because two pairs of brothers were involved. Therefore, the 
amount of duplication was negligible. In each group there were 
229 (10.5%) females and 1959 (89.5%) males. The ratio of females 
to males was about the same as the ratio among all applicants of 
similar age. The average age was about 43 years, and the age dis- 


tribution was as follows: 

Distribution of cases. 

Ages 10-19 

. . . . 55 

20-29 . 

... 342 

30-39 . 

... 389 

40-49 . 

... 730 

50-59 . 

... 553 

00-05 . 

... 119 


218S 

Of the applicants Avho had liigh blood pressure, 83% showed 
an initial reading of 150 mm., sj'stolic and/or 90 mm., diastolic, or 
more. Of the control group, 75% had an initial blood pressure under 
140 mm., s 3 ^stolic, and 85 mm., diastolic. The examinations were 
made by manj^ different examiners, most of whom would be classified 
as general practitioners. Every State was represented, except 
South Carolina, Florida, Alabama, Mississippi, Louisiana, and 
Texas. The examination blank is so devised that the family history 
is secured before the examination is made. Space is provided for 
recording the state of health, if living, or the cause of death, if 
dead, of each relative. In addition, there are specific questions 
regarding diabetes, apoplexy, heart disease, and kidney disease. 
Since the examiner does not usuallj’’ take the blood pressure until 
the history has been recorded, disproportionatelj' intensive ques- 
tioning of hjqiertensive applicants is avoided. 

Results. Family History of Cardiomscular-renal Disease. In 
classifying the famify histories, onfy the parents and siblings of 
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the applicant were considered. The definite statement that one or 
more relatives, past the age of 40, had died or was ill due to heart 
disease, arteriosclerosis, apoplexy, Bright’s disease, or high blood 
pressure, was accepted as evidence of familial cardiovascular-renal 
disease. The same criteria of classification were applied to the 
subjects with normal blood pressure and to those with high blood 
pressure. Table 1 shows that there was only a slight difference in 
the incidence of familial cardiovascular-renal disease. Six hundred 
and fifty (29.7%) of the subjects with normal blood pressure and 
717 (32.7%) of those with high blood pressure had such a family 
history. 

Family History of Hypertensive Cardiovascular Disease. In an 
attempt to determine the familial incidence of hypertensive cardio- 
vascular disease, another classification of the family history was 
made. The only illnesses that were regarded as due to hypertensive 
cardiovascular disease were those in which the relative suffered 
from high blood pressure or some illness which seemed likely to 
be the result of hypertension. Death or illness caused by cardiac 
or cerebral accidents occurring between the ages of 40 and 70 was 
regarded as probably due to hypertension. Table 1 shows that 
274 (12.5%) of the applicants with normal blood pressure had one 
or more instances of hypertensive cardiovascular disease among 
parents and siblings. Three hundred and thirty (15.1%) of the 
hypertensive subjects had similar histories. Again, the difference 
in the incidence of positive family histories is slight. 

Table 1.— Rei.ation op Family History to Blood Pressure 

2188 subjects with nor- 2188 subjects with 

nial Ijlood pressure high blood pressure 


History of parents and siblings 

No. 


% 


No. 


% 


One or more cases of cardiovascular- 









renal disease 

650 

29 

,71 = 4 = 

.98 

717 

32 

.77=4=1 

.01 

One or more cases of hypertensive cardio- 









vascular disease 

274 

12. 

.52=4= 

.71 

330 

15 

.08=4=0 

.77 

One or more cases of diabetes . 

66 

3 

,01=4= 

,36 

82 

3 

.75=4=0 

.40 


The standard error (or standa rd deviation) of a percentage is calculated according 
to the formula: SE = Vpq/n, where p is the per cent of the sample with the char- 
acteristic studied and q is the per cent without the characteristic. The n is the 
number of observations. The standard error of a difference between two percentages 
is equal to V (SEi)^ -J- (SEs)''. 

The standard error of the difference between 29.71=^.98% and 32.77=4=1.01% is 
1.41%. The actual difference (3.06%) is 2.17 times the standard error of the differ- 
ence. Such a difference in one direction could occur 15 times in 1000 as a matter of 
chance and, therefore, the difference is probably statistically significant. 

The standard error of the difference between 12.52 =4=.71% and 15.08 =4= .77% is 
1.05%. The actual difference (2.56%) is 2.44 times the standard error of the differ- 
ence. Such a difference in one direction could occur 7 times in 1000 as a matter of 
chance and, therefore, the difference is statistically significant. 

The standard error of the difference between 3.01 =4= .36% and 3.75 =4= .40% is .54%. 
The actual difference (.74%) is 1.37 times the standard error of the difference. Such 
a difference in one direction could occur 85 times in 1000 as a matter of chance and, 
therefore, the difference is not statistically significant. 

To make a stronger comparison, family histories of persons with 
low normal blood pressure were compared with those of persons 
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having high diastolic blood pressure. In the control group, tliere 
were 350 individuals past the age of 40, whose initial blood pressure 
was 120 mm., systolic, and 80 mm., diastolic, or less. There were 
657 persons past the age of 40 in the hypertensive series whose 
initial diastolic blood pressure was 100 mm. (4th point), or more. 
As Avill be seen in Table 2, the incidence of familial hypertensive 
cardioA^ascular disease between the ages of 40 and 65 was 12.9% 
in persons with low normal blood pressure, as compared witli 
16.9% among those Avith high diastolic blood pressure. Even Avhen 
persons Avith these extremes of blood pressure Avere studied, the 
difference in the incidence of familial hypertensive cardioA'ascular 
disease was not great. 

Table 2. — Compabison or Family Histobv in Applicants AA’ith I.ow Normal 
Blood Pressure and Those A\''ith High Diastolic Pressure 

Onp or more e.o'.e's of hypertensive 
oordiovflscular disease among 
I No. of parents and siblings 

sni>iects . — —— — ^ — ' — 

•Arcs 40 to fi.> No. % 

Initial blood pressure 120 aiirf SO or less , 350 45 12 86*1 79 

Initial diastolic blood pressure 100 or more 657 111 16 89 ±1 45 

The standard error of the difference between 12.86*1.79% and 16.89*1.45% is 
2.30%. The actual difference (4.0.3%) is 1.75 times the standard error of the differ- 
ence. Such a difference in one direction could occur 40 times in 1000 as a matter 
of chance, and, therefore, the difference may be statistically significant. 

Family History of Diabetes. Some investigators have included 
familial diabetes Avith the cardiovascular diseases, but in this study 
diabetes Avas counted separately. Table 1 shoivs tliat 3% of the 
control subjects and 3.7% of the hypertensive applicants had a 
family history of diabetes. Since the difference is not statistically 
significant, it appears likely that a family tendency toAvard diabetes 
is not related to the subsequent development of IiA'pertension. 

Comment. By clinical concepts, the subjects Avere inadequately 
studied. It is impossible to classify the hypertension observed, but 
it is widely held that 80 to 90% of arterial hypertension is due to 
so-called essential hypertension. The determination of blood pres- 
sure is a simple procedure AA'hich can be accurately performed by 
most insurance examiners. Any inaccuracies Avould be offset by 
the large number of subjects invoh^ed. TJie AA’cll-knoAvn fact that 
persistent elcA’ation of the blood pressure, as found on insurance 
examinations, has been associated Avith high fleath rates, and that 
jiormal blood pressure leads to normal death rate.s, A-alidates hloofi 
pressure readings obtained on insurance examinations. iMore exten- 
sive clinical study Avould be desiraiile, but it is not necessary for 
comparative purposes. 

It is important to knoAV that the family history aa-rs not elicited 
more searchingly in the hypertensive group than it aa'rs in the 
control subjects. In the present series, it is reasonable to assume 
that the family history Avas recorded Avith about the same degree 
of care in each group. It is illogical to make a .stati.stical compari.son 
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without taking into account the obvious fact that the incidence of 
positive family histories is higher among the old than among the 
young. This is clearly shown by examining the records of the 
2188 persons with normal blood pressure, as shown in Table 3. 
In this control group, the incidence of a positive familj^ history of 
cardiovascular-renal disease was 10.8% in the 2d and 3d decades 
of life, 28.7% in the 4th and 5th decades, and 42.6% in the 6th and 
7th decades. In the l^pertensive subjects, similar age variations 
were observed. 

Table 3.— Influence of Age on Family History in 2188 Applicants With 

Normal Blood Pressure 

One or more cases of cardiovascular- 
renal disease among parents 

. and siblings 


Ages 

Subjects 

' No. 

% 

10-29 . . . 

. . . 397 

43 

10 83±1.5G 

30-49 . . . 

. . . 1119 

321 

28.69±1.35 

50-65 . . . 

. . . 672 

286 

42 56±1.91 


A critical examination of the published material raises doubts 
as to the significance of heredity in the development of hypertension. 
Certainly, the figures reported here do not support the contention 
that it is of major importance. In this paper, the strongset possible 
comparison was made, i. e., between the family histories of persons 
with low normal blood pressure and of subjects with high diastolic 
blood pressure. Surely, if hypertension is primarily a familial 
disease, a major variation in the incidence of hypertensive family 
histories should be observed, and yet only a slight difference was 
noted. Perhaps factors other than inheritance will be pro\"ed to 
be the cause of most cases of essential hypertension. 

Summary. A brief review of the literature and analysis of family 
histories taken from life insurance examinations are reported. In 
this series of 4376 applicants, the incidence of familial cardiovascular 
disease was only slightly greater among hypertensive persons than 
it was among persons with normal blood pressure. There was no 
significant difference in the familial incidence of diabetes. It appears 
unlikely that heredity is of primary importance in the etiology of 
hypertension. 

REFERENCES 

1. Ayman, D.: Arch. Int. Med., 53, 792, 1934. 

2. Fishberg, a. M.: Hypertension and Nephritis, Philadelphia, Lea & Febiger, 
p. 574, 1939. 

3. Hines, E. A., Jr.: Ann. Int. Med., 11, 593, 1937. 

4. Janbway, T. C.: Boston Med. and Surg. Jour., 174, 925, 191G. 

5. Nuzum, F. R., and Elliot, A. H.: Am. J. Med. Sci., 181, G30, 1931. 

G. O’Hare, J. P., Walker, AV. G., and A^'ickbrs, M. C.: J. Am, Med. Assn , 
83, 27, 1924. 

7. Palmer, R. S.: New England J. Med,, 205, 1233, 1931. 

8. Th.\cker, E. A.; Am. Heart J., 20, 89, 1940. 

9. Weitz, AA^.: Ztschr. f. klin. Med., 96, 151, 1923; quoted by AVilliams, G. D.,’" 
p. 549. 

10. AAYlliams, G. D.: In Cowdry, E. A''., Arteriosclerosis, A Survey of the Prob- 
lem, New Y’'ork, The Macmillan Company, p. 537, 1933. 

VOL. 205, NO. 1 — JANUARY, 1943 3 



6G 


TAYLOH, page: 


THE EFFECT OF ANTIPRESSOR KIDNEY EXTRACT, ANGIO- 
TONIN, METHYL GUANIDINE AND TYRAMINE ON CARDIAC 
OUTPUT AS MEASURED BY THE BALMSTOCARDIOGRAPH 
IN HYPERTENSIVE AND NORMAL PERSONS 

By B. D. Tayloe, M.D. 

AND 

InviNE H. Page, jNI.D. 

INDIANAPOLIS, IND, 

(From the Lilly Laboratory for Clinical Research and the Indianapolis City 

Hospital) 

The action of angiotonin on both isolated and intact hearts 
reproduces some of the physiologic phenomena which have come to 
be associated with the cardiodynamics of arterial hypertension in 
man. Methyl guanidine and tjTOmine also exhibited some proper- 
ties not unlike those of angiotonin, while having other properties 
distinctly different. It seemed of interest to compare the effects 
of these three pressor agents both on cardiac output and the con- 
tour of the ballistocardiographic curve to ascertain which of the 
three more nearly fulfilled the requirements of the naturally occur- 
ring pressor agent in h 3 q)ertensive patients. 

The significance of these results would be strengthened if it could 
be shown that not onlj’^ does angiotonin reproduce the ballisto- 
cardiographic curve common in hypertensives, but that lowering 
the hypertensive’s blood pressure bj’' means of angiotonin-destroy- 
ing kidnej'- extracts causes reversion to the curve characteristic of 
normotensives. It is, then, the province of this communication to 
explore further the possibilitj'' that angiotonin is the chemical 
mediator of experimental renal and human hjqjertension. 

Methods. In addition to 15 hypertensions, to be considered later, 
6 health}^ young laboratory workers were given the pressor drugs angio- 
tonin and methyl guanidine in intravenous infusions of normal saline to 
maintain a constant elevation of arterial blood pressure. Tyramine was 
given subcutaneously to the same persons. The antipressor renal extracts 
were prepared by Dr. 0. M. Helmer and given as daily intramuscular in- 
jections to patients with malignant or essential hypertension. These 
patients had been studied for 6 months or more in the Lill}' Clinic. Esti- 
mations of cardiac output were made with the ballistocardiograph using 
the area method of Starr, Rawson, Schroeder and Joseph.'* All tracings 
were taken after a 15-minute rest period and at least 2 hours after a meal. 
When absolute values are given, the correction of 18.5% is made as sug- 
gested by Cournand, Ranges and Riley^ to make the ballistocardiograph 
values correspond with those obtained bj' the direct Fick method. 

Results. 1. Tyramine Injection, Stroke volume increased from 
49, 48 and 58 cc. to 63, 52 and 69 cc., in 3 normal persons when 

* Recently Starr and Schroeder detected a mathematical error in their paper J. 
Clin. Invest., 19, 438, 1940. This error was excluded in the calculation of these 
data. 
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hypertension was induced by injection of tyramine. Calculated on 
the basis of the reduced pulse rate {i. e., 108, 68, 80 reduced to 68, 
60 and 54 beats per minute), cardiac output ivas decreased in the 
3 experiments. 

Table 1. — Effect of Tyhamine, Methyl Guanidine Sulfate and Angio 
T oNiN ON Arterial Blood Pressure, Stroke Volume, Pulse 
Rate and Cardiac Output* of Normal Young Adults 
Before After 



Blood 

pressure, 

Stroke 

volume. 

Pulse 

Cardiac 

Blood 
pressure, 
mm. Hg 

Stroke 

volume, 

Pulse 

Caidiac 

ate 

mm. Hg 

cc. 

rate 

output 

CC. 

rate 

output 

1 

. . 134/82 

49 

1. 

108 

Tyramine 

3.05 

236/130 

63 

08 

2 47 

2 

. , 118/82 

48 

68 

1.88 

192/110 

52 

60 

1 80 

3 

. . 116/60 

58 

80 

2.68 

152/93 

69 

54 

2 15 

1 

. . 100/60 

2. 

64 

Methyl Guanidine Sxilfalc 

72 2.66 132/94 

57 

58 

1 91 

2 

. . 124/72 

53 

76 

2.33 

158/94 

46 

56 

1 48 

3 

. . 96/70 

40 

82 

1.90 

160/110 

34 

54 

1 06 

1 

. . 96/70 

40 

3. 

82 

Angiotonin 

1.90 

152/110 

36 

54 

1 12 

2 

. . 124/72 

53 

76 

2.33 

154/100 

47 

64 

1 73 

3 

. . 120/80 

46 

84 

2.23 

180/120 

31 

90 

1 61 

4 

. , 100/68 

57 

70 

2.30 

140/110 

46 

54 

1 43 

5 

. . 132/72 

58 

82 

2.74 

140/110 

45 

70 

1 82 

6 

. . 102/78 

57 

78 

2.57 

146/110 

45 

62 

1 61 

* In liters per minute per square meter of body surface. 
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Kormal Mcttnjl^uanidine Sulfale 

Normal An^iolonin 

'Normal An^iotonin 

Hijpertenuve An^iolonin Inhibitor 


Fig. 1. — Ballistocardiograph tracing of normal persons after injection of tjYamine 
(100 mg.), methyl guanidine sulfate (3 gm.) and angiotonin. The last pair of tracings 
are of a hypertensive patient before and after treatment vrith kidney extract. 


The ballistocardiograph tracing of 1 of these subjects before and 
after injection of tyramine is illustrated in Figure 1. The bloofl 
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pressure before administration was 116/60 mm. Hg and after 
tyramine was 152/92 mm. Hg. The tracing clearly demonstrates 
the bradycardia as well as the increased stroke volume. 

Of importance was the fact that highly unpleasant symptoms 
accompanied the hypertension. These began with consciousness 
of the slow, forceful beating of the heart, soon to be followed by 
almost unbearable headache and throbbing in the neck. The 
latter, along with nausea and vomiting, persisted though dimin- 
ished in intensity, up to 6 hours. 

2. Methyl Guanidine Sidfatc. Methyl guanidine sulfate in 
amounts sufficient to produce similar ele\"ation in arterial pressure 
decreased stroke volume instead of increasing it as did tyramine. 
But bradycardia also occurred, resulting in sharp fall in cardiac 
output (Table 1). These changes are seen in the second tracing 
in Figure 1. The arterial blood pressure rose in this subject after 
administration of methyl guanidine from 100/60 to 132/94 mm. Hg. 
The symptoms produced were not as severe as those with tyramine, 
but nevertheless very disagreeable. Tingling and numbness of the 
lips and mouth were followed by generalized numbness, precordial 
oppression, cold perspiration, faintness and nausea. 

3. Angioionin. Injection of angiotonin in 6 normal persons 
caused only slight bradycardia in 5 of the subjects. In the sixth 
the rate increased 6 beats per minute. But all of them exhibited 
decreased stroke volume (Table 1) and cardiac output. The third 
and fourth tracings in Figure 1 illustrate these changes in the 
ballistocardiographic record. It is of special interest that hjT^er- 
tension produced by angiotonin was not associated with marked 
symptoms. The bradycardia passed unnoticed. 

4. Contour of Tracings. Comparison of the tracings in Figure 1 
with Figure 3 show a difference in the form of the waves in some 
hypertensives as compared with normal subjects. 

The waves following hypertension induced by tyramine differ 
strikingly from those observed in patients with essential hyperten- 
sion. Those resulting from methyl guanidine differ less. Angio- 
tonin, on the other hand, elicits ballistocardiographic waves closely 
resembling those seen in some hypertensive patients. As Starr has 
pointed out, however, the contour of the waves in hypertension is 
not characteristic of hj'pertension alone. 

5. Action of Kidney Extracts. Twelve patients with malignant 
hypertension and 3 with essential hjT?ertension were treated with 
antipressor angiotonin-destroying kidney extract in sufficient quan- 
tity to reduce arterial pressure (Table 2). The mean arterial 
pressure (diastolic -f- one-half the pulse pressure) of these patients 
before treatment was 174 mm. Hg with a maximum of 214 and 
minimum of 154 mm. Hg. The average cardiac output was 
2.0 liters per minute per square meter of body surface. After 
treatment the average mean arterial pressure was 140 mm. Hg. 
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No increase in average pulse rate occurred. But the average 
cardiac outiiut was increased from 2.0 to 2.5 liters per minute per 
square meter of body surface (Fig. 2). 

Table 2. — Effects on Arterial Blood Pressure, Pulse Rate, Stroke Volume 
AND Cardiac Output of Antipressor Renal 
Extracts of 15 Hypertensives 


Before After 



Blood 
pressure, 
mm. Hg 

Pulse 

Stroke 

Cardiac 

Blood 
pressure, 
mm. Hg 

Pulse 

Stroke 

Cardiac 

Diag- 

Case 

rate 

volume 

output 

rate 

volume 

output 

nosis’ 

1 

230/120 

80 

37 

1.71 

198/100 

84 

43 

2 08 

M 

2 

218/130 

70 

44 

1.78 

164/90 

64 

49 

1 81 

M 

3 

220/128 

68 

45 

1.76 

174/102 

66 

51 

2 16 

M 

4 

228/146 

94 

37 

2 01 

180/116 

104 

42 

2 41 

M 

5 

206/145 

96 

42 

2 33 

138/96 

96 

57 

3 16 

M 

G 

254/134 

100 

34 

1 96 

220/115 

96 

37 

2 16 

M 

7 

207/136 

74 

50 

2 14 

176/118 

84 

58 

2 81 

M 

S 

188/145 

92 

32 

1 70 

176/122 

92 

40 

2 12 

M 

9 

220/120 

82 

37 

1 75 

178/100 

76 

61 

2 67 

M 

10 

190/140 

68 

43 

1 69 

191/118 

78 

51 

2 29 

M 

11 

194/112 

70 

44 

1 78 

134/84 

66 

69 

2 63 

E 

12 

204/112 

72 

46 

1 91 

152/82 

66 

78 

2 97 

E 

13 

212/120 

90 

55 

2 86 

186/108 

94 

60 

3 26 

M 

14 

• 242/180 

94 

33 

1 79 

170/116 

86 

44 

2 18 

M 

15 

200/118 

76 

43 

2 19 

180/108 

76 

55 

2 41 

E 

* E 

= Essential, M 

= Malignant. 








1 1J5 Q. Q5 3 35 
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Fig. 2. — Relationship of cardiac output to mean arterial pressure (i. c., diastolic 
pressure + one-half pulse pressure) before and after lowering the arterial pressure 
of hypertensive patients with kidney extract. 
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Inspection of the ballistocardiographic tracings before and after 
treatment clearly shows increase in stroke volume and absence of 
tachycardia (Fig. 4). When the “early M” complexes of Stan- 


Before Treatment After Treatment 

Fig. 3. — Ballistocardiographic tracing of S hypertensive patients before and after 
their arterial pressure was lowered by kidney extract. 



])ertcnsivo patients. 
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were present before treatment they usually disappeared or were 
modified toward the form of the normotensive. This is especially 
clear in the first tracing in Figure 3. The average blood pressure 
of this patient before treatment was 206/145 mm. Hg, stroke vol- 
ume 42 cc., and pulse rate 96 beats per minute. After treat- 
ment the blood pressure was 138/96 mm. Hg, stroke volume 57 
and pulse rate 90. We believe the ballistocardiographic tracing 
taken after treatment to be normal in contour. 

6. Estimation of Stroke Volume. The stroke volume as measured 
by the ballistocardiograph of a group of 25 healthy young adults is 
given in Table 3. These results are for comparison with those in 
Table 4 in which similar measurements on 81 hypertensive patients 
are recorded. In the latter table the results are arranged in rela- 
tion to the mean arterial pressure. An attempt has been made, as 
will be discussed later in this communication, to estimate the stroke 
volume from a formula based on cardiac enlargement and mean 
pressure. It should be emphasized that these calculations are 

Table 3. — Stboke Volume per 1.73 Sq. M. Observed in 25 Healthy Normo- 
tensive Young Adults 
Mean arterial 


Ca'-e 

biood pressure, 
mm. Hg 

Se\ 

Stroke volume 
per 1.73 sq. m m cc. 

1 

. . 80 

F 


55 

2 

80 

F 


55 

3 

80 

M 


57 

4 

84 

F 


53 

5 

84 

M 


57 

6 

88 

M 


59 

7 

89 

F 


53 

.S 

90 

M 


57 

0 

93 

M 


62 

10 

94 

F 


58 

11 

95 

F 


52 

12 

95 

F 


55 

13 

95 

M 


65 

14 

98 

F 


55 

15 

99 

F 


53 

10 

100 

F 


52 

17 

100 

F 


51 

IS 

100 

M 


66 

10 

104 

F 


52 

20 

104 

M 


60 

21 

108 

M 


56 

22 

109 

F 


49 

23 

. 109 

M 


58 

24 

. 109 

M 


57 

25 

. 112 

M 


(53 



12 M 

13 F 


AvClilRO 

90 

50 8 

53 3 

56 1 


recorded rather as a stimulus for further exploration of the problem 
rather than a solution. Application of the ballistocardiograph to 
clinical problems is admittedly in its infancy and interpretation of 
tlie curves may subsequently be greatly altered. Despite this, 
records of observation with this method seem of value at this time. 
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E 

■ M 
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C.E-N 
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Mean 

nrlerial 
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110 
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117 
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• E 

15 • 

M 

16 ■ 

• M 

17 • 

• E 


52 

49 

47 

49 

55 

47 

54 

50 

47 

49 

50 

40 

48 

53 

40 

50 

53 

45 

59 

47 

45 


57 

40 

44 

40 

48 

44 

43 

47 

44 

43 

53 

44 

53 

47 

43 

44 

53 

43 


51 

47 

43 

43 

50 

43 

54 

50 

43 

58 

53 

43 

60 

49 

43 

53 

45 

42 


54 

M 

55 

■M 

56 

■ E 

57 • 

• M 

58 • 

• E 

59 • 

■ E 


03 • * 

E 

04 • • 

M 

05 • 

■ M 

GO • 

• M 

07 

• E 

08 • 

M 

09 • 

• E 

70 • 

• E 

7\ • 

• E 

72 • 

M 

73 • 

• E 

74 • 

■ is: 

75 

■ I« 

70 

• • I 


150 

100 

.79 

150 

120 

.82 

152 

125 

.68 

153 

105 

.68 

154 

105 

.77 

154 

120 

.81 

155 

125 

.77 


50 

42 

43 

42 

43 

42 

48 

42 

49 

41 

48 

41 

48 

41 

43 

, 41 


46 

44 

41 

44 

41 

41 

44 

49 

40 

57 

48 

40 

55 

48 

40 

55 

48 

40 

43 

50 

39 


39 

44 

38 

50 

40 

38 

44 

41 

38 

37 

48 

38 

49 

38 

38 

42 

39 

38 

40 

43 

38 

40 

38 

37 


26 

39 

37 

28 

40 

37 

30 

42 

30 

44 

38 

36 

37 

38 

35 

34 

36 

M 

37 

30 


33 
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Discussion. The broad problems in which the data in this com- 
munication are a small part consist in the search for a substance 
with physiologic properties consonant with those of a substance 
which might cause renal hypertension in animals and essential 
hypertension in man. Our studies were directed chiefly to the 
effects of angiotonin on the cardiac output and the contour of the 
ballistocardiographic tracing in normal man and a comparison of 
these with the pressor substances tyramine and methyl guanidine 
sulfate. These two drugs were selected among the’ many others 
because study of their effects on the arterioles of rabbit’s ears demon- 
strates that they, in common with angiotonin— though to a much 
less degree— cause arteriolar constriction of a sort in which arterial 
pressure rises, but without appreciable reduction in blood flow to 
the tissues (Abell and Page^. Since we observed similarity in the 
cardiodynamics as recorded by the ballistocardiograph of hyper- 
tensive patients and in normal subjects with hypertension elicited 
by injection of angiotonin, it seemed desirable to ascertain whether 
reduction in blood pressure by means of antipressor and, perhaps 
significantly, angiotonin neutralizing kidney extracts, caused re- 
versal to a more normal status. 

Tyramine increased stroke volume somewhat but greatly reduced 
the heart rate, resulting in slight reduction in cardiac output. 
Methyl guanidine decreased stroke volume as well as reducing the 
heart rate, resulting in sharp reduction of cardiac output. Both 
substances produced most disagreeable symptoms even when the 
blood pressure was only moderately elevated. Contrasting with 
this is the fact that angiotonin decreased stroke volume but with 
only very moderate decrease in heart rate and marked reduction of 
cardiac output. Despite sharp elevation in blood pressure symp- 
toms ordinarily do not appear. 

The effects of angiotonin on the cardiovascular system in human 
beings have been made the subject of careful inquiries by Wilkins 
and Duncan,® and Bradley and Parker.® Both groups demonstrated 
reduction in cardiac output and increase in venous pressure. 
Bradley and Parker conclude that, since Roentgen ray studies 
failed to shoAV cardiac dilatation, the failure of the heart to increase 
its size in the face of increased venous pressure is attributable to 
increased “cardiac tone.” This conclusion Avas further supported 
by the observation of Lorber,® and Hill and Andrus,^ that in isolated 
perfused hearts there is decrease in the diastolic volume when angio- 
tonin is injected. On the other hand, Wilkins and Duncan found 
an increase in cardiac size and other evidences of “myocardial 
failure” in otherwise normal persons. 

It cannot be decided with certainty from the data available 
whether tlie injection of angiotonin reproduces the cardiac changes 
observed in either experimental or spontaneous hypertension. The 
latter differs certainly in that venous pressure is not increased. It 
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may well be, however, that during the brief periods of angiotonin 
injection, time is not allowed for adaptation to occur. 

As regards the decreased cardiac output, Starr has observed this, 
as measured by the ballistocardiograph, in a considerable number of 
patients with essential hypertension. Our own results in 81 hyper- 
tensive patients also show reduction in stroke volume, the average 
being 46.8 cc., with an average cardiac output of 2.14 liters per 
minute per square meter of body surface, as compared with 56.4 cc. and 
2.28 liters per minute per square meter for 25 healthy, normotensive 
adults (Table 4). Cardiac output may be normal simply because 
the rate of the heart beat has increased. 

Wilkins and Duncan® point out that the hypertension associated 
with acute nephritis has great similarity to that elicited by angio- 
tonin. Both are characterized by elevation of venous pressure. 
The similarities may be brought to the fore by the fact that both 
occur within a brief space of time. 

Bradley and Parker- found the cardiac output reduced chiefly as 
the result of bradycardia with little change in stroke volume when 
single injections of angiotonin w^ere given. Our results, on the other 
hand, suggest the importance of reduction in stroke volume and less 
so the bradycardia. 

Evidence gained from study of the isolated perfused heart, while 
not directly transferable to intact animals, nevertheless, is of im- 
portance. Hill and Andrus^ found that angiotonin decreased coro- 
nary blood flow and increased the amplitude of the beat without any 
significant effect on the rate of cats’ hearts. It augmented the out- 
put and the “arterial” pressure within the perfusion system; here, 
too, without influencing rate. They conclude that angiotonin causes 
direct stimulation of the myocardium and augmentation of the 
ventricular beat. 

Lorber® observed constriction of the coronarj'- arteries, decrease 
in the diastolic volume and increase in oxygen consumption, external 
%vork and efficiency of the heart in the isolated cat’s heart. The fact 
that the vasoconstrictor and efficiency-increasing properties of 
angiotonin disappear wdth about the same dose, suggests that if the 
su&tance is liberated in viiro in sufficient quantity to exert one 
effect, it will probably exert the other as well. 

When arterial pressure is lowered as the result of administration 
of kidney extract definite increase in cardiac output occurs. It 
seems reasonable to suppose that this is in part due to the decreased 
head of pressure against which the heart must work to eject its 
blood, resulting in more complete emptying of the ventricles. Since 
venous pressure does not rise when the arterial pressure falls, it is 
doubtful that increased filling of the heart plays any important part. 

It may be of interest to speculate on the factors which influence 
cardiac output in hypertensives. One of these is the size of the heart, 
a second, the efficiency of ejection and the economy of effort with 
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which this is performed, and a third, the resistance against which 
the heart must work to expel blood. In most hi^'-pertensi-s'es tlic 
size of the heart is increased, but how much of this increase is due 
to increased diastolic volume, to hj^ertrophj^, or to both, is not 
known. It is probable that this increased size helps in maintaining 
the cardiac output against an increased head of pressure. The 
hypertensive heart utilizes its ejection energy just as economically, 
and oftentimes more economically, than does the normal heart 
according to results of Wright, Hallaran and Wiggers'® based on 
reconstruction of the ejection phase of intraventricular pressure 
from the subclavian pulse cinve for contour and brachial arterial 
pressure. The surface area of the curve above the diastolic value 
divided by that beneath this area gives a quotient expressing the 
economy of ventricular effort during ejection. The resistance 
against which the heart works is obviously increased and is directly 
proportional to the mean arterial pressure. 

We have attempted to correlate the stroke volume witli the first 
and third of these factors, namely, cardiac enlargement and mean 
arterial pressure, in a group of hypertensive patients studied in the 
Lilly Clinic. We are only too well aware that even if a correlation 
could be arrived at, the result must be accepted with great reserve 
until the separate factors are proven to be measured with reasonable 


accuracy. 

Cardiac enlargement (C.E.) is measured on the Roentgen ray 
film by the percentage deviation from the predicted norma) estab- 
lished by Ungerleider and Clark.® Figure 4, drawn from the study 
of 83 hjqiertensive patients, suggests that a correlation exists (co- 
efficient 0.738) when stroke volume corrected to 3.73 sq. m. of 

1 j n • 1 , , 1 • ^ .1 per cent of cardiac enlargement 

body surface is plotted against the ^ , 

mean arterial pressure 

It might thus be anticipated that the cardiac output in early hyper- 
tension with little cardiac enlargement would be comparatively low. 

By means of regression equations it is possible to establish con- 
stants allowing formulation of the equation 

S.V. . (m. 12 g=) + 12 _ 

where S.V. = stroke volume corrected to 1.73 sq. m. of body surface, 
C.E. = percentage of normal cardiac size, and Pm = mean arterial 
jiressure. Stroke volume as predicted from this formula cor- 
responded fairly closely with that measured by the ballistocardio- 
graph (Table 4). The mean deviation from the measured value 
was 12.5. 

The most evident source of inaccuracy in the formula is the fact 

that the fraction p’^ has only a small variation while the correction 

factor is large. Since the range of S.V. is also not great it can be 

C E 

questioned whether correlation between S.V. and really exists. 



76 CARDIAC OUTPUT IX HYPERTENSIVE AND NORMAL PERSONS 


If the observed Pm and S.V. values of Table 4 are arranged in 
descpding order of Pm it is clearly seen that S.V. is inversely pro- 
portional to Pm. In short, as the pressure rises in hypertension, 
the stroke volume is decreased, which is what might be anticipated. 
If the factor of cardiac enlargement is added, the heart should 
perform its work against a higher resistance more capabl}^ and 
stroke volume fall off less than if cardiac enlargement were not 
included in the calculation. Of 81 determinations, the calculated 
value was closer to the observed when cardiac enlargement was 
included in the formula in 48 examples. In 10 examples, no differ- 
ence would be anticipated as the heart size was normal, while in 2.3 
the estimate was more accurate when it was omitted. 

Starr, Donal, Margolies, Shaw, Collins and Gamble" pointed out 
that hypertensives with small hearts have stroke volumes smaller 
than normal. Since they have shown that the basal work per beat 
of the normal heart is a function of its size, i. e., an extension of 


Starling’s Law of the Heart to clinical conditions, it is not surprising 

C E 

that a relationship between stroke volume and p— ’ might be found. 


Summary. 1. The effect of angiotonin, tyramine and methyl 
guanidine on cardiac output was studied in 6 normotensive young 
adults by means of the ballistocardiograph. Tyramine increased 
stroke volume and greatly reduced heart rate, resulting in slight 
reduction of cardiac output. Methyl guanidine decreased stroke 
volume and rate, resulting in sharp reduction of cardiac output. 
Angiotonin decreased stroke volume but reduced the rate only 
slightly, resulting in marked reduction of cardiac output. Tyramine 
produces severe symptoms, methyl guanidine less severe ones, and 
angiotonin almost none at all. 

■ 2. The cardiodynamics, as recorded by the ballistocardiograph 
when tyramine and methyl guanidine are injected, differ strikingly 
from those of patients with essential hypertension or after injection 
of angiotonin into normotensives. 

3. Antipressor angiotonin-destroying kidney extract administered 
to 'hypertensive patients elevated cardiac output when the mean 
arterial pressure fell and the contour of the ballistocardiographic 
curves resumed a normal or near normal appearance. 

4. Stroke volume and cardiac output as measured by the ballisto- 
cardiograph are definitely reduced in many hj’pertensive patients. 

5. An attempt has been made to relate by means of a formula 
stroke volume with cardiac enlargement and mean arterial pressure. 

Conclusions. The cardiac effects of tyramine, and less so of 
methyl guanidine, as measured by the ballistocardiograph are such 
as to make it unlikely that they participate in the genesis of renal 
hypertension. On the contrary, angiotonin exhibits properties 
whidi are consonant with those anticipated from knowledge of the 
cardiodynamics in hj^pertension. This view is strengthened by the 
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observation that antipressor, angiotonin-destrojnng extracts of 
kidneys administered to hj'^pertensive patients abolish at least one 
characteristic action of angiotonin, i. e., they increase the depressed 
cardiac output. 

We wish to express our appreciation to Drs. Stanley Bradley, Homer Smith and 
Isaac Starr for their aid in this investigation. 
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THE EFFECT OF A HIGH-FAT TEST MEAL ON BLOOD CHO- 
LESTEROL IN NORMAL AND OBESE INDIVIDUALS 

By Elliot Oppenheim, M.D. 

AND 

Maurice Bruger, M.D. 

With the technical assistance of Samuel Member, B.S. 

NEW YORK, N. Y. 

(From the Medical Research Laboratory, Department of Medicine, New York 
Post-Graduate Medical School and Hospital, Columbia University) 

Experimental evidence to the effect that the cholesterol content 
of the blood in human subjects may be altered by the ingestion of 
a meal high in cholesterol or fat (or both) remains conflicting. 
Widal, Weill and Laudat^^ noted a marked increase in blood choles- 
terol in healthy subjects fasting for 15 hours and then given a meal 
consisting of meat, potatoes, bread and 50 gm. of butter. In 10 of 11 
healthy individuals fed a meal consisting of soup, bread, meat, 
green vegetables, 2 eggs and wine, Rouzaud et alP found no increase 
in the blood cholesterol 4 to 5 hours after the meal. In one subject, 
an increase of 5% in the cholesterol content of the blood was 
observed. Luden^® noted that whereas the ingestion of bread, 
butter and tea had no effect on blood cholesterol, a heavier meal 
consisting of bread, butter, tea, 1 egg and ^ cantaloupe produced 
an increase of 25 to 30%. Denis^® reported no increase in blood 
cholesterol in 3 subjects after a meal high in fat. 

Hiller, Linder, Lundsgaard and Van Slyke,^® using a test meal 
consisting of butter (usually 1 gm. per kilogram) found no significant 



7S 


Ol'PENllElM, ISRUGEIi; 


increase in the whole blood or plasma cholesterol in 6 normal 
subjects and in 7 patients with nephritis. Burger and Habs’ observed 
large increases in serurn cholesterol (up to 100%) after the ingestion 
of 100 gm. of olive oil and 5 gm. of cholesterol. Barreda^ and 
Snapper and Parisel^^ utilizing the same diet were unable to con- 
firm these results. Chaikoff, McGavack and Kaplan® found no 
increase in the free or combined cholesterol of the blood in 6 of 7 
.subjects following the ingestion of 100 ml. of olive oil; 1 subject 
showed an increase of 35% in the total cholesterol content of the 
blood 4 hours after the meal. Gardner and Gainsborough^ reported 
no increase in blood cholesterol following a single meal high in 
cholesterol. Bruger and Somach® also observed that the ingestion 
of food had no appreciable effect either immediate or late on blood 
cholesterol. 

Eony and Levy'® found no increase in the cholesterol content of 
the plasma in 8 normal and 18 obese subjects after the ingestion 
of a test meal consisting of 500 ml. of 20% cream. Using the same 
test meal, Blotner® confo-med the lack of increase in blood cholesterol 
in normal persons but reported a marked rise in the blood choles- 
terol le\"el in obese individuals. In subjects who were underv'eight, 
the blood cholesterol remained either unchanged or decreased. In 
patients with psoriasis and in non-dermatologic patients, LeWinn 
and Zugerman'® reported marked increases in the total blood 
cholesterol following a test meal high in fat. 

In view of these conflicting observations, this problem (alimentary 
hypercholesterolemia) was reinvestigated. 

Material and Methods. Seven normal subjects (iaboratorj’’ technicians) 
ranging in weight within 10% of the calculated normal weight were placed 
on a low fat and low cholesterol diet* for 2 days. On the morning of the 
.3d day, a fasting specimen of blood was taken and again at intervals of 
li hours for 6 hours. During this time, the subjects followed the prescribed 
diet and continued their usual activities. After this initial stud}", they 
remained on the low fat and low cholesterol diet for 2 more days. On the 
6th day, a fasting specimen of blood was again taken and a test meal 
consisting of 500 ml. of cream (20% fat) was given. Blood specimens were 
taken again at inten'als of IJ hours for 6 hours. No food other than the 
test meal was permitted during this second phase of the experiment. 

Thirteen subjects who were from 23% to 92% ovenveight were placed 
on the low fat and low cholesterol diet for 2 days. On the morning of the 
3d day, a fasting specimen of blood was taken and the test meal pven. 
Blood specimens were obtained at intervals of hours for a period of 
6 hours. 

The total and free cholesterol content of the serum was determined by 
the Schoenheimer and SpeiTj" method^ as modified b}" Fitz“ and adapted 
for the photoelectric colorimeter. In addition, the total cholesterol content 
of the whole blood, plasma and saline-washed red blood cells was determined 
by a modified Bloor procedure.*'-"® The serum of 3 obese subjects was also 
analyzed for total lipids and fatty acids by the method of Bloor.‘ 

* Milk, cottage cheese, lean beef. Iamb, chicken or fish, dear broth, cooked cereals, 
white bread, potatoes, macaroni, noodles, rice, spaghetti, vegetables, fruits, gelatin, 
junket, coffee or tea. 



Table 1. — Vahiations in the Total and Fhee Cholesterol Content op the Serum in 7 Normal Subjects on a Diet Low in Fat and Cholesterol 
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Results and Comments. In 7 subjects with normal body weight, 
the ingestion of a diet low in fat and cholesterol or a test meal 
high in fat failed to influence the total cholesterol content of the 
serum over a period of 6 hours (Table 1). On the low fat and low 
cholesterol diet, the maximal deviations from the fasting level of 
the total serum cholesterol ranged from +10.5% to -8% with a 
mean of +3.8% to —5.3%. On the high fat test meal, the maximal 
deviations ranged from +10.8% to -G.8% with a mean of +4.4% 
to —3.8%. The findings confirm the early observations of Bloor* 
and Knudson''* in dogs but are at A'ariance with some observations 
in humans.'^’*^'*®’^ In two instances, the test meal high in fat resulted 
in a decrease rather than an increase in the total serum cholesterol; 
this phenomenon was previoush^ described bj" Barreda^ and Gardner 
and Gainsborough.^- Table 1 also shows the remarkable constancy 
of the free cholesterol expressed as per cent of the total cholesterol 
on both dietary regimes, an observation previously recorded by 
Sperry.-® 


Table 2.— Variations in the Total and Free Cholesterol Content of the 
. Serum in 13 Female Obese Individuals Atteb a Test Meal High in Fat 


Total cholesterol* Free cholesterol* 

mi 5 ./I 00 cc. % of total 


Sub- 

ject 

Ago 

c 

Over- 

■weight 

Associated 

clinical 

conditions 

Tast- 

ing 

u 

brs. 

3 

hrs. 

41 

hrs. 

6 

his. 

+t 

-t 

Fast- U 3 4i 0 
iug to. hrs. hrs. to. 

J. M. 

46 

50 

SjTioWtis 

207 

200 

219 

194 

200 

5 8 

6 3 

26 

26 

25 

28 

27 

G. 

44 

47 

left knee 

None 

236 

238 

242 

240 

240 

4 2 

0 

27 

26 

25 

27 

28 

Y.P. 

40 

C5 

None 

230 

214 

227 

230 

242 

2 5 

9 7 

28 

27 

26 

27 

26 

R. C. 

40 

92 

None 

208 

258 

248 

252 

250 

0 

7 1 

26 

28 

29 

28 

28 

S. P. 

37 

36 

Hj7)erteasion 

337 

326 

322 

319 

330 

0 

5 3 

25 

27 

27 

28 

29 

X. W. 

55 

46 

Hypertension 

256 

25} 

258 

273 

258 

6 G 

0 8 

29 

31 

29 

29 

31 

M.S. 

IS 

33 

None 

m 

201 

197 

196 

197 

3 o 

2 0 

2S 

26 

26 

29 

28 

R.L. 

23 

23 

None 

225 

219 

205 

208 

214 

0 

8 9 

25 

25 

26 

26 

25 

M.F. 

42 

23 

Varicose veins 

320 

312 

304 

320 

329 

2 8 

5 0 

27 

26 

27 

26 

25 

E.G. 

47 

41 

Phlebitis 

2.-n 

263 

268 

261 

263 

5 5 

0 

27 

27 

27 

27 

28 

C. R. 

33 

26 

None 

273 

270 

273 

263 

286 

4 8 

3 7 

28 

28 

28 

28 

27 

C. S. 

49 

39 

None 

273 

270 

258 

265 

283 

3 7 

5 5 

25 

26 

27 

27 

27 

E.H. 

40 

50 

^’aricosc veins 

205 

205 

205 

210 

217 

5 9 

0 

26 

25 

27 

25 

27 

Mean 




253 

248 

248 

248 

254 

3 5 

4 2 

20 

27 

27 

27 

27 


• Method of Schoenheimer and SpeiT>’.'**** 
t Per cent dc^^ation from fasting le\el. 


In 13 obese women, the ingestion of a meal high in fat likewise 
was without effect on the total cholesterol content of the serum 
over a period of 0 hours (Table 2). The maximal deviations from 
the fasting level of the total serum cholesterol ranged from +6.(5% 
to —9.7% with a mean of +3.5% to —4.2%. These findings failed 
to confirm those of Blotner®; he noted a marked increase in blood 
cholesterol in obese individuals, following the ingestion of 500 ml. 
of 20% cream (the test nfeal used in this study). Of interest is the 
finding in this series that not only did the serum cholesterol fail 
to rise significanth- after the high fat test meal but in 3 of the 13 
observations, a decrease in serum cholesterol was demonstrated. 
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The constancy of the free cholesterol noted above was again 
observed. 

In this study, 2 methods for the determination of blood choles- 
terol were used. Emphasis is placed on the Schoenheimer and 
Sperry method^’^ (Tables 1 and 2) since this ’procedure is conceded 
to be the most accurate colorimetric method available today for 
determining this constituent of -the blood. However, since many 
of the published reports on this subject utilized the original^ or a 
modified Bloor procedure,^'’ this method was also employed in this 
investigation (Table 3). In general, the results obtained with both 
methods were similar, though greater individual variations in the 
total cholesterol were observed with the latter procedure. Table 3 
shows that in subjects with normal or increased body weight, no 
significant alteration in the total cholesterol content of the whole 
blood, plasma and saline-washed red blood cells was observed after 
a test meal high in fat. 


Table 3. — Variations in the Cholesterol Content of Whole Blood, Plasma 
AND Saline-avashed Red Blood Cells in 7 Normal Subjects and in 13 
Obese Individuals on a Diet Low in Fat and Cholesterol and After a 
Test Meal High in Fat 

(Summary Tabi.e of Average Values) 

Total cholesterol* 
mg./lOO cc. 


% deviation 
from fasting 



Fast- 

U 

3 

a 

6 

level 

Experiment 

ing 

hrs. 

hrs. 

hrs. 

hrs. 

-f 

— 

Normal subjects 

Low fat and low cholesterol diet 

Whole blood 

. 164 

170 

171 

166 

169 

4.3 

0 

Plasma 

. 166 

165 

162 

163 

166 

0 

2.4 

Red blood cells .... 

. 120 

125 

119 

133 

113 

10.9 

5.9 

High fat test meal 

Whole blood 

. 164 

167 

167 

161 

170 

3.6 

1.8 

Plasma 

. 166 

165 

164 

167 

165 

0.6 

1.2 

Red blood cells .... 

. 109 

108 

115 

113 

114 

5.5 

1.0 

Obese subjects 

High fat test meal 

Whole blood 

. 193 

190 

196 

194 

193 

1.5 

1.5 

Plasma 

. 196 

193 

190 

192 

197 

0 5 

3.1 

Red blood cells .... 

. 124 

128 

125 

124 

121 

3.2 

2.4 

* Modified Bloor method.''’-” 


In 3 obese individuals, it was further demonstrated (results not 
tabulated) that the ingestion of a test meal high in fat increased 
appreciably the total lipids and fatty acids in the serum as pre- 
viously noted by Cowie and Hoag® and Rony and Levy.^® 
Conclusions. 1. In subjects with normal body weight, the inges- 
tion of a diet low in fat and cholesterol or a test meal high in fat 
(500 ml. of 20% cream) failed to alter the cholesterol content of 
the serum, whole blood, plasma and saline-washed red blood cells 
over a period of 6 hours. 

2. In obese women, a test meal high in fat was followed by 
significant increases in the concentration of total lipids and fatty 
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acids in the serum but failed to influence the total cholesterol con- 
tent of the serum, whole blood, plasma and saline-washed red blood 
cells. 

3. The free cholesterol content of the serum expressed as per cent 
of the total cholesterol remained remarkably constant in normal 
and obese individuals on both dietary regimes. 
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LEUKOCYTOSIS INDUCED BY METHYL-ACETAMIDE WITH 
P-CHLORO-XYLENOL 

Chemotactic Effect on Bone marrow 
By Bernhard Zondek, M.D. 
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Yehuda M. Bromberg, M.D. 
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JERUSALEM, PALESTINE 

(From the Gynecologic-Obstetric Department of the Rothschild Hadassah Univerait y 
Hospital and the Hormone Research Laboratory of the Hebrew University) 

It is well known that bone marrow reacts to various chemical 
and biologic substances with the formation and liberation of leuko- 
cytes. This exaggerated activity is expressed by an increase in the 
number of leukocytes in the peripheral blood. Among the chemical 
substances possessing this property, nucleinic acid and its derivatives 
(adenin and guanin) are the best known. Their emplojunent in 
various leukopenic conditions, however, has given only transitory 
results, their effect being limited to the liberation of mature leuko- 
cytes but with no stimulus to their new formation. Furthermore, 
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leukocytosis resulting from the injections of nucleinic acid is pre- 
ceded by a brief leukopenia, thus limiting its use in severe agranulo- 
cytosis. This undesirable effect is avoided by the use of pentose 
nucleotide. 

Powers, Murphy and Humphrey s^ (1933) have described a leuko- 
cytosis provoked by injections of hepatic extract. This leukocytosis 
is of short duration and has given no results in the treatment ol‘ 
granulocytopenic conditions^ (typhoid, agranulocytosis, and so 
forth). 

Exogenic chemical substances, like collargol and pju’ogallol, are 
also able to provoke leukocjdosis in a normal individual, but have 
little effect in leukopenic conditions. These substances have not 
been introduced in therapeutics because their leukocytosis effect is 
often followed bj'- periods of granulopenia due to inhibition of the 
leukopoietic function. 

During investigations on the chemotherapeutic use of halogenized 
phenols (Zondek^), the solubility of p-chloro-xylenol in various 
substances was studied. Among these was methjd-acetamide,'^ 
Avhich in contradistinction to other solvents, induced a distinct 
leukocytosis in the blood stream when injected intramuscularly. 

Methyl-acetamide produced a leukocytosis of short duration, but 
the combination of methyl-acetamide with p-chloro-xylenol was 
found to prolong and strengthen considerably the leukopoietic 
effect. It should be mentioned that p-chloro-xylenol alone has no 
influence on the leukocytic function of bone marrow (Zondek®), 

Methods. It is well known that the number of leukocytes in a normal 
individual undergoes important fluctuations during the day, being lowest 
about 11 A.M. and 11 p.m. and highest at about 5 a.m. and 5 p.m. In the 
normal individual more than 10,000 leukocytes were never found at any 
time. 

The leukocytic counts were performed at fixed hours— 11 a.m. and 
6 P.M. The results are the average of at least two separate counts. The 
drug was regarded as producing a positive effect when the count rose to 
over 10,000. All physiologic factors influencing the number of circulating 
leukocytes were eliminated as far as possible. All persons examined were 
admitted to hospital, lay in bed and received a constant diet. Muscular 
effort was strictly forbidden. In each case the normal number of leukocytes 
was determined for several days, before beginning the treatment. The 
substances studied were administered at the same time of the day, to all 
subjects. 

The following products were examined for their chemotactic effect: 

1. A 70% solution of methyl-acetamide (referred to as “M”). 

2. A 70% solution of methyl-acetamide with 15% p-chloro-xylenol 

(referred to below as “15% CXM”). 

3. A 70% solution of methyl-acetamide with 25% p-chloro-x)denol 

(referred to below as “25% CX3M”). 

4. A 10% solution of p-chloro-xylenol in oil. 

The studies were performed on 25 persons, of whom 17 were normal, 
4 suffered from tj^phoid fever "with leukopenia, and 4 had local infections 
with leukocytosis. 

* We are indebted to the Teva, Middle East Pharm. & Chem. Works, Ltd., 
Jernsalem, for their kind supply of methyl-acetamide and p-chloro-xjdenol. 
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Studies in Normal Subjects. A. Lciikopoietic Effect of Methyl- 
acetamide. Deep intramuscular injections of 10 cc. of methj’I- 
acetamide, in the normal individual, produce after 24 hours a leuko- 
cytosis which is about 60% higher than the highest preceding 



A B 

Chart 1. — Number and distribution of leukocytes after 10 cc. and 30 cc. of 
methyl-acetamide. 


leukocyte count (Chart 1 , A). This leukocytic reaction is in direct 
proportion to the dose of methyl-acetamide given: thus, 30 cc. of 
this substance have induced a leukocytosis of double the original 
number of leukocytes and of somewhat longer duration than do 
10 cc. (Chart 1 , B). This leukocytosis is due especially to an increase 
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in the number of younger forms of granulocytes. Methyl-acetamide 
alone, as a leukocytosis producing factor, is not suitable for prac- 
tical purposes, because large doses are required to induce a pro- 
longed leukocytosis. 

B. Leulcopoietic Effect of Methyl-acetamide Combined 'ivith p-chloro- 
xylenol. Injections of 10 cc. methyl-acetamide with 15% p-chloro- 
xylenol induce an increase in the number of leukocytes, 80 % higher 
than the initial counts. This leukocytosis is due especially to the 
granulated elements, and reaches its maximum 48 hours after injec- 
tion. Leukocytosis of similar character but still higher and more 
prolonged is obtained by injections of . methyl-acetamide solutions 
with 25% p-chloro-xjdenol. Ten cubic centimeters of this product 
provoke a rise in the leukocytic count beginning 24 hours after injec- 
tion, reaching the maximum (double the original number) after 
48 hours and lasting for a further 48 hours. 

The injection of 10% p-chloro-xylenol in oil did not induce 
leukocytosis in normal individuals. On the other hand, it has been 
shown that the addition of p-chloro-xylenol to methyl-acetamide 
(CXM) increases the latter’s chemotactic effect on leukocytosis, 
which is stronger in proportion with the concentration of p-chloro- 
xylenol. 

It should be emphasized that the leukocytosis induced by these 
substances is not preceded by nor followed by leukopenia. 

We attempted to produce a prolonged leukocytosis with methyl- 
acetamide in 25% p-chloro-xylenol (25% CXM). Fifty cubic 
centimeters of this solution, given over 3 days, induced leukocytosis 
(over 10,000) of 10 days duration and with maximal counts of 
20,200. This leukocytosis was due especially to the neutrophils 
which increased more than fourfold in absolute numbers, their 
proportion to the other white blood corpuscles increasing from 
72 to 80%. In another case (Chart 2) 70 cc. of the same product 
(25% CXM), given over 3 days, caused a leukocytosis of 10 days 
duration, with an enormous rise in leukocytes reaching its maximum 
(30,200) on the 4th day after the beginning of injections. 

Studies in Patients with Leukopenia. The effect of 25% CXM in 
leukopenic conditions was investigated in 4 typhoid cases (the only 
leukopenic conditions at our disposal).* The leukopenia in typhoid, 
ivhich is due to the inhibition of the granulopoietic function of the 
bone marrow', is particularly resistant to chemotactic substances. 
In these cases also it w^as possible to induce leukocytosis with 25 % 
CXM. Here, how’^e^"er, the antagonistic action of the bone marrow 
is indicated by the need for higher doses and the short duration of 
leukocytosis. A 7-year-old boy received 56 cc. of 25% CXM 
during 5 days, wdiich increased the leukocyte count from 5000 to 
1 2,000, the increase of neutrophils paralleling that of the leukocytes. 

* We are indebted to Dr. Gruenfelder, Head of the Pediatric Department, for 
putting these cases at onr disposal. 
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In another ease, a J 0-year-old boy, the rather high dose of 72 cc. 
of 25% CXM given over 5 days, induced a neutrophilic leukocytosis, 
reaching a maximum of 32,400 on the 5th and 6th day after begin- 
ning of treatment (Chart 3). The leukocytic count, *ho\vever, Ld 
dropped to the initif\l level 36 hours after stopping treatment. 

In normal patients whose bone marrow is not depressed as it is 
in typhoid fever, the increased leukocyte count persists for about 
] 0 days. 



Chakt 2. — Leukocyte chances after 70 cc. of 25% CXM. 


Studies in Patients with Leukoc 3 i;osis. In cases of inflammatory 
conditions with leukocytosis the response to methyl-acetamide 
seems to be more prompt than in normal conditions. For instance, 
a case of pyelitis with a count of 9200 reacted to injection of 25% 
CXjN'I with a leukocytosis of 38,000. 
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Qualitative Changes in the Leukocytic Picture Induced by CXM 
Treatment. It is Avell known that an increase in neutrophils in the 
jieripheral circulation is due to their increased production in the 
bone marrow. Nevertheless, this rule is subject to certain excep- 
tions. ddius, the spleen is thought to be able, 'in certain conditions, 
to accumulate or liberate leukocytes with resulting phases of leuko- 
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CiiAiiT 3.— Leukocytosis produced by CXM in typhoid leukopenia. 


penia and leukocytosis (leukocytosis tlue to redistribution). In 
order to determine Avhether the leukocytosis obtained after the 
injection of CXJ\d was due to redistribution or to direct stimulation 
of tlie bone marrow, the qualitative study of the neutrophils was 
necessary. In the former case the white differential count is that 
of normal blood, while in the latter the young cells driven from the 
center to the peripheral blood shift the differential count to the left. 
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CXjM, when given in sufficient quantities, induces leukocytosis 
with a clear shift to the left. This occurred in all 25 cases. As an 
example, the Schilling’s hemogram of 1 case is reported below 
(Table 1). The leukocytosis rises from 9200 up to .38,000. The 
qualitative blood study reveals a distinct shift to the left. The 
number of young and band forms increased, while the myelocytes 
were not found in the peripheric blood. 


Table 1. — LEUKotnTOsis With Shift to the Left Induced by CXM 


Leukocytes 
Basophils 
Eosinophils 
Neutrophils; 
Myelocytes 
Young forms 
Band forms 
Segment 
Lymphocytes 
hlonocytcs 


Before After treatment ttitli 

treatment 70 ce. of 25% CXAl 

9,200 38,000 

1 


1 

70 

17 

1 


.3 

13 
C2 

14 
1 


The number of young forms of neutrophils in circulation permits 
the evaluation of the effect of CXiM on bone marrow. The age of 
neutrophils was determined according to Arneth’s method, where 
the ratio between the monolobar and segmented neutrophils (nuclear 
shift index) is proportional to the extent of bone marrow stimulation 
by the substance used. Following treatment with large doses of 
CXM, the shift index, which is normally 6.2% (according to 
Schilling) was found to be about 25%. 

In some cases, following excessively high doses of CXM, we 
found neutrophils with pyknotic nuclei or toxic granulated proto- 
plasm— which might have suggested a degenerative process of the 
bone marrow. The sternal puncture performed during the peak of 
leukocytosis revealed a high percentage of band forms. 

CXM was found to stimulate electively the granulopoietic func- 
tion of the bone marrow, not affecting the other elements of the 
white series, erythropoiesis or thrombocytopoiesis. The strong and 
elective effect of CXiM on the granulopoietic function of bone 
marrow allows one to expect favorable results in the treatment of 
neutropenic conditions. ^Moreover, CXM has the advantage of 
combining its chemotactic effect with the chemotherapeutic proper- 
ties of p-chloro-xylenol (Zondek*). CXM may thus be indicated 
in cases of agranulocytosis secondary to general infection. 

Studies in Animals. The chemotactic effect of CXM was studied 
in rats, hens and rabbits. The considerable fluctuations in the 
number of leukocytes in normal conditions in these animals make it 
difficult to reach any definite conclusion in these experiments. In 
hens, the leukocytes rose from 60,000 to 80,000 after 3 cc. of 25% 
CXM given during 6 days. In the rabbit the leukocytic count 
rose from 9000 to 13,000 following 10 cc. of 25% CXM given during 
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11 days. Nevertheless, the leukocj^tic level did not surpass that 
which is found in normal conditions. 

Toxicity. The lethal dose of a 70% solution of methyl-acetamide 
(M) in mice weighing 16 gm. was found to be 0.2 cc., while the 
corresponding dose of 25% CXM was 0.1 cc. Rats weighing about 
100 gm. show no disturbances after administration of 0.5 cc. of 
25% CXhl. Rabbits Aveighing 1100 to 1200 gm. can stand 1 cc. 
of 25% CXM daily, even Avhen given for 10 days or more. In 
men, the highest dose which causes no complaints Avas 20 cc. 25% 
CXM daily (2 X 10 cc. daily). Higher doses cause local and general 
disturbances. Locally, Ave sometimes observed tissue necrosis and 
neuritis. Vomiting, probably of central origin, was also observed, 
folloAving large doses. It should be emphasized that vomiting 
coincided Avith high leukocytic leAmls. 

Dosage. The dose of 25% CXM necessary to induce a strong 
leukocytic reaction in men is: 2 injections of 10 cc. of 25% CXM 
during the first day and 1 injection of 10 cc. daily for the next 3 
days. In order to aAmid infiltratiAm reactions and discomfort, these 
injections should be given intragluteally in the deeper muscular 
layers and 2% anesthesin should be added. 

Summary and Conclusions. 1. The chemotactic effect of methyl- 
acetamide alone and combined with p-chloro-xylenol Avas studied 
in 25 patients. 

2. Methyl-acetamide injected intramuscularly induces leuko- 
cytosis, AALich reaches its maximum 24 hours after injection. This 
effect on leukopoiesis is proportional to the dose employed. 

3. The injection of methyl-acetamide combined AAuth p-chloro- 
XAdenol (CXM) giA'^es a much higher leukocytosis than that of methyl- 
acetamide alone. The leukocytic effect produced is proportional to 
the quantity of p-chloro-xylenol dissolved in methyl-acetamide. 

4. In all the 4 cases of leukopenia in typhoid fever treated Avith 
injections of CXM, leukocytosis was induced. 

5. The characteristic features of the leukocytosis produced by 
CXM are the shift to the left, AAuth a significant increase in young 
and band forms. This supports the assumption that this leuko- 
cytosis is due to a stimulation of the granulopoietic function of 
bone marroAV. 

6. The results obtained in normal and in typhoid cases suggest 
tlie trial of these substances in neutropenic conditions.* 
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* AA'^e have awaited a potent leukopoietic bone marrow stimulant ever since the 
leukopenic effect of mustard gas was demonstrated in World War I. We hope that 
the above study may start the solution of this problem. — Ed. 
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LIVER FUNCTION IN THERAPEUTIC MALARIA^* 

By Israel Kopp, M.D. 

IlKSR\nCH ASSOCIATE, M ABRACHrSETTS 3>EPARTMBKT OF MEKTAT. HEAETII, 

AND 

Harry C. Solosion, M.D. 

CMNIC^D PROFESSOR OF PSYCHIATRY, HAIIV'AHD MEDICAL SCHOOL; CHIEF, THERAPEUTIC 
research, boston psychopathic HOSPITAL, 

BOSTON, MASS. 

(From the Boston Ps^^chopnthic Hospital) 

Various effect.s of malarial infections upon the liver have been 
observed. As measured by the levulose^* and galactose*® tolerance 
tests, glycogenetic function is lowered. Changes in the blood 
lipoids** and serum proteins*® and increased hemoglobin catabolism 
with bilirubin formation may also affect liver function. Clifford' 
has maintained that the liver is permanently damaged as a result 
of malarial infections. 

Enlargement and slight tenderness of the liver are often present 
in naturally acquired malaria*®” but has rarely been seen in thera- 
peutic malaria. Clinical manifestations of liver involvement include 
icterus of a mild degree, bile-tinged vomitns, diarrhea, painful 
swelling of the liver, and dark-colored urine.** The liver is always 
enlarged and congested when death is due to malaria.* Histologic 
evidence of damage to the parenchymatous cells of the liver in fatal 
cases is not uniform, but both degenerative changes and fat infiltra- 
tion are sometimes found,***' Cirrhosis of the liver is rarely seen. 
The duration of the primary disease and other concomitant circum- 
stances play some part. Thus, malarial cirrhosis is frequent in 
southern Italy; whereas in other parts of the world ami tropics it is 
rare.** 

Icterus of the conjunctivie occurs often im malaria, in 18 of o.') 
ca-se-s,® but it is not of serious import, both in our experience and that 
of others. The icterus has been attributed to the rapid destruction 
of the red blood cells, a hemolytic jaundice, and not to biliary ob- 
•struction. The icterus of the conjunctivie may become more intense 
as the paroxysms recur only to disappear with continuation of fever. 
.Taundice of the skin, however, is considered a more serious and 
dangerous sign,*®*' and has necessitated immediate termination of 
the malaria. Jaundice is seldom seen during the first week or 
10 day.s of the clinical attack, and is noted usually in patients in 
whom a high degree of parasitization of the red blood cells has pro- 
duced a rapid and extreme anemia, 2 million or le.ss, usually in 7 
to 10 days.®® 

Malarial therapy has been administered in this clinic during the 
past 17 years to approximately 400 patients because of sjqihilitic 

* This study was made possible by a grant from Merck & Co. 
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infections of the nervous system. Generalized jaundice has been 
occasionally seen but has rapidly cleared with the cessation of the 
malaria. In a recent study of the effects of long-continued adminis- 
tration of tryparsamide upon the liver, it was necessary to determine 
the effect of malaria yer se upon liver function. In the present 
communication, we wish to report observations of the effect of 
malaria upon the liver function of 9 patients. 

Material. Nine male patients, ranging in age from 82 to 55 years, were 
hospitalized for the malarial therapy of general paresis. Prior to malaria 
the physical and laboratory examinations revealed no significant pathology 
other than that of general paresis. Six of the patients had received no 
chemotherapy prior to malaria. The remaining 3 had received trivalent 
and pentavalent arsenicals. 

Methods. The patient was inoculated with tertian malaria. After an 
incubation period ranging from 3 to 7 days, fever resulted and was usually 
of the quotidian or mixed type. The patients were allowed from 4 to 
12 paroxysms. The malaria Avas then teiminated by the administration of 
(juinine sulphate, 30 gr. dailj'^, for 1 week. During the malaria treatment, 
attempts Averc made to maintain the nutrition of the patients though food 
intake Avas in some instances voluntarily reduced. FolloAAung malaria, th(5 
patient Avas placed on a high caloric and vitamin diet and ferrous sulphate, 
20 gr. dailJ^ 

Liver function A\'as determined before and after malarial therapy b}’’ the 
folloAAung procedures: 1, bromsulphthalein dye test; 2, cholesterol, total, 
free, and ester; 3, phospholipids; 4, hippuric acid excretion; 5, cephalin 
cholesterol flocculation test of Hanger; 6, fibrinogen; 7, total bilirubin; 
8, van den Bergh reaction; 9, icteric index. 

The bronasulphthalein dye test was at first fractionated, 2, 5, 15 and 
30 minute samples being taken foUoAving the injection of 2 mg, of the dye 
per kilogram of body Aveight. Subsequently, only 18 and 30 minute samples 
Avere obtained since MacDonald^® has sIioaati that 18 and not 30 minutes are 
required for complete removal of the dye in normal cases. The broin- 
sulphthalein dye test is generally recognized as the most delicate index for 
the presence of liver disease in the absence of jaundice. Variations in 
hj'^dration and kidney diseases do not affect the test. Congestive heart 
failure, hoAvever, makes the results unreliable. 

Total cholesterol Avas detemiined on serum by a modification of the 
method of Bloor^® and the free and ester cholesterols by a modification of 
the technique of Schoenheimer and Sperry.-® Total cholesterol A'^alues of 
150 to 230 mg. per 100 cc., a free percentage of 23% to 31%, and an ester 
jDercentage of 69% to 77% AA^ere considered nonnal. A fall in cholesterol 
ester percentage is usually considered a serious sign and is found onlj'- in 
tlie presence of infection or liver disease.^^" High ester A'^alues indicate a 
mild disturbance. Cholesterol metabolism may not be disturbed in the 
))resence of considerable liver injury. Normal findings, therefore, do not 
rule out liver disease. 

Phospholipid determinations AA^ere done on plasma foUoAAung the lipid 
extraction technique of Bloor®® and the digestion method and phosphate 
determination of Fiske and Subbarow.® The nomial range is from 8 to 
9 mg. ])er 100 cc. Moderately reduced phospholipid A^alues occur during 
the course of acute hepatitis.®^® Increased A’^alues, from 14 to 27 mg. per 
100 cc. haA’^e been found during acute infections and toxic hepatitis (arsenic, 
etc.). 

Ilipiruric acid excretion Avas determined bj’’ the Weichselbaum-Probstein®® 
modification of the technique of Quick. An excretion of 4 gm. or more 
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inent did not ajSpear to depend on the number of paroxysms, the 
total number of hours of fever above 100° (R), or the duration of 
active malaria. One patient (W. D.), aged 51 years, experienced 
11 paroxysms and a total of 160 hours of fever abo\^e 100° (R) over 
a 19 day period. The liver function tests following the termination 
of the malaria were practically unchanged except for a + + + cepfaa- 
lin flocculation. On the other hand, a second patient (M. G.), aged 
.32 years, who ex'perienced a similar number of paroxysms and fever 
over a 17 day period, showed marked changes in the liver function 
tests, a marked drop in the total cholesterol and cholesterol ester 
values, moderate bromsulphthalein retention, reduced hippuric acid 
excretion, lowered phospholipid values, and a d- + -f cephalin 
flocculation test (Table 1). 


Table 2, —Effect of Malaria Upo.v Liver Fu.vctio.v, 


Bromsulpbalein retention: 

Normal 

rangr. 

Before 

malaria.* 

After 

malaria. 

IS minutes, % ... 

0 

3 r, 

9 4 

30 minutes, % . - . 

0 

0 

0 

Fibrinogen, mg. . 

Cholesterol: 

100-330 

367 S 

.303 3 

Total mg. per 100 co. 

140-230 

219 

126 

Free, % . 

69-77 

71 1 

47 2 

Cephalin flocculation 

0 

0 

■f + 'h 

Phospholipids, mg, . 

8-9 

00 

7 53 

Hippuric acid secretion, gm. . 

4-6 

4 9 

3 5 


* Based on average values of 8 patient.s. 

Patient who developed jaundice omitted. 

Each of the 9 patients showed a strongly positive cephalin floccu- 
lation test as a result of malaria. In 1 of the group (patient A. C.), 
a negative flocculation test was present before fever therapy, became 
positive after 5 mild fevers induced by typhoid vaccine and 
after malaria. Each patient also experienced a fall in the 
cholesterol ester percentage. Initial ester percentages before malaria 
were normal and ranged from 66% to 74%. Values obtained after 
malaria ranged from 10% to 66% and were abnormal in 8 patients. 
Total cholesterol values showed a marked reduction from an initial 
range of 163 to 284 mg. to levels of 70 to 203 mg. In 1 instance 
(M. G.), the total cholesterol fell from 210 to 70 mg. 

Hippuric acid excretion was examined in 7 of the 9 patients 
following malaria ; in each a reduction occurred, and in 3 of the 7 the 
results were below normal levels. In a foiuth patient (J. T.), 
hippiuic acid excretion, below normal before malaria, was still 
further reduced. 

Bromsulphthalein retention of a moderate degree and greater 
than that present before fever occurred in 6 of the 9 patients. 
Phospholipid values decreased only slightly in 8 patients. Fibrino- 
gen was increased in 3 patients and diminished in 6, but remained 
within normal limits in the latter group. 
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Patient J. T. (Table 1), who had presented eAndence of impaired 
liver function prior to malaria, developed generalized jaundice after 
7 paroxysms and the malaria was terminated. A marked fall in 
total cholesterol and cholesterol esters occurred. The cephalin 
flocculation test became + + + + positive. 

The termination of malaria by quinine was followed by a rapid 
return of the liver function tests to normal in 3 to 6 weeks’ time 
Avith the exception of the fibrinogen and cephalin flocculation tests. 
In 3 of 8 patients, fibrinogen remained increased. The cephalin 
flocculation test was the last as a rule to revert to normal. The test 
became negatwe in 2 patients (H. Y. and G. T.) 21 and 25 days 
after quinine therapy was started. Tryparsamide, from 0.5 to 
36 gm., had been administered to the remaining 7 patients, and the 
cephalin flocculation test in this group required as long as 19 AA’ceks 
to return to normal. LiA^er function tests returned to normal levels 
fairly rapidly even in the patient who had developed jaundice (J. T.) 
and to whom trjqiarsamide had also been given. 

Liver function tests, except for the cephalin flocculation, Avere 
obtained only after malarial therapy on a second group of 5 patients, 
and 2 to 9 days after the administration of quinine. The findings 
Avere as folloAvs: 3 patients rcA’-ealed normal liA’-er function tests 
Avith the exception of an increased fibrinogen in 1. Of the remain- 
ing 2 patients, 1 developed jaundice and revealed the folloAving 
2 days after malaria Avas terminated: an icteric index of 15, biliru- 
bin, 2 mg. per 100 cc., a biphasic van den Bergh, bromsulphthalein 
retention of 15% at 15 minutes, cholesterol esters 52%, and a 
moderately diminished hippuric acid excretion. The fifth patient, 
nine days after quinine, rcA’^ealed diminished phospholipid A^alues 
and a significantly diminished hippuric acid excretion. 

Discussion. Malarial therapy produces disturbances in liA^er func- 
tion which are, hoAvcA^er, of a transient nature. The outstanding 
findings on our patients were the marked reduction in total choles- 
terol and cholesterol ester percentages, the fall in hippuric acid 
excretion and the stronglj'^ positive cephalin flocculation tests. Less 
marked were the phospholipid reduction, bromsulphthalein reten- 
tion and the quantitatiA'^e and qualitatiA'’e bilirubin changes. 

The findings obtained on patient J. T., who dcA'^eloped generalized 
jaundice during malarial therapy, indicate tliat the jaundice of 
malaria is due to liA^er damage. The presence of liA'^er pathology in 
this patient prior to tlie admijiistration of malaria and probably as a 
result of prolonged arsenical therapy and a previous toxic hepatitis 
may be an important factor. A second patient (A. E.), who rc- 
A’^ealed nearly similar abnormal function tests as a result of malaria, 
experienced no jaundice. LiA’^er function in this patient prior to 
malaria was, hoAA’'ever, normal. 

The findings of impaired liA’^er function in 3 patients during mala- 
rial fcA’er and before quinine therapy would indicate that this drug 
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per se %vas not a responsible factor. This conclusion is strengthened 
by the fact that improvement in liver function occurred even during 
the administratipn of quinine. The rapidly induced hemolytic 
anemia of malaria resulting in excessive bilirubin production does 
not impair liver function since it has been shown that intravascular 
hemolysis of red blood cells as produced by autohemolysins does not 
result in abnormal liver function tests.® Liver function also is not 
impaired in the presence of a secondarj' anemia as occurs in malaria.® 

Recently it has been shown that impairment of liver function 
occurs in protein-depleted animals.^ The production of hypo- 
albuminemia by restriction of food intake in animals produced an 
increasing fall in protein content of the liver and histologic changes 
such as loss of stainable cji;oplasm. Rapid and progressive hjqio- 
albuminemia has been observed in malaria. It is possible that 
impairment of liver function in malaria may be due to the marked 
reduction in the serum albumin with depletion of the proteins in the 
liver. Termination of the malaria causes a rise in serum albumin 
to its pre-febrile level, usually within 10 to 24 days. Normal liver 
function tests were obtained on our patients after malaria at a time 
when serum albumin is rapidlj^ returning to normal levels. 

Of some interest in the treatment of neurosyphilis is the occasional 
appearance of jaundice after malarial fever is terminated and follow- 
ing the administration of the first few injections of an arsenical. 
It is possible that the administration of arsenicals after malaria and 
before liver function has returned to normal may overburden the 
liver and result in jaundice. The danger is probably less with 
pentavalent arsenicals (trj’parsamide), little of which is found in 
the liver after administration than Avith trivalent arsenicals (neo- 
arsphenamine, mapharsen, arsphenamine), a considerable portion 
of which is excreted by the liver. 

Summary. 1. Tertian malaria was administered to 9 male 
patients for the treatment of general paresis and liver function 
determined before and after therapy. 

2. Malaria produces disturbances in liver function as revealed by 
moderate bromsulphthalein retention, a marked reduction in choles- 
terol and cholesterol esters, a moderate fall in the phospholipids, 
diminished hippuric acid excretion and a strongly positive cephalin 
flocculation test. 

.3. The impairment of liver function is transient and clears usu- 
ally within 3 to 6 weeks after termination of the malaria. The 
cephalin flocculation test is the last to revert to normal. 

4. The administration of pentavalent arsenic in the form of try- 
parsamide immediately after malaria did not seem to delay the return 
of liver function tests to normal with the exception of the cephalin 
flocculation. 

5. The occasional appearance of jaundice after malaria has been 
terminated and following the administration of the first few injec- 
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tions of an arsenical may be due to the residual hepatic damage of 
the former and the superimposed toxic effect of the drug. 

The technical procedures were carried out by Miss Mabel Miller. 
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CLINICAL EXPERIENCE WITH A WATER SOLUBLE 
VITAMIN K-UKE SUBSTANCE 

(TETRASODIUM 2-METHYL-I, 4-NAPHTHOHYDROQmNONE DlPHOS- 

PHORic Acm Ester) *t 
By j, Garrott Allen, M.D. 

CHICAGO, ILL. 

(From the Department of Surgery of The University of Chicago) 

Although it has been almost 15 years since Dam^-®’"'® liegan his 
classic experiments leading to the discovery of the fat soluble 
vitamin K, the clinical progress made with this important substance 
and its derivatives had been quite slow until 1939, when it was 

* Synkayvitc "Roche.” 

t This work was aided by grants from the Douglas Smith Foundation for Medical 
Research, and Hoffmann-La Roche, Inc., Nutley, N. .1. 
voi, . 20,’), NO. 1 — j.knuaby, ini.l 4 
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shown that the activity of this vitamin was dependent upon its 
quinoid structured^ Many quinone derivatives were then studied 
for their antihemorrhagic activity, 2-methyl-l, 4-naphthoquinone 
being the first to be investigated in man. However this quinone and 
many of the others similarly studied are only very slightly soluble 
in water but freely soluble in most fat solvents. Therefore when 
orally administered, bile salts must of necessity be concomitantly 
given, or the preparation must be administered intramuscularly in 
oil. Thus its adaptability for general clinical use is limited. • 

The need for a water soluble vitamin K preparation suitable for 
oral, intramuscular or intravenous use has resulted in the synthesis 
of several compounds suitable for such purposes. Among the latter 
is the tetrasodium salt of the diphosphoric acid ester of 2-methyl-l, 
4-naphthohydroquinone (Synkayvite), which has been found to 
possess an antihemorrhagic activitj’ even greater than the fat 
soluble menadione (2-methjd-l, 4-naphthoquinone) when compared 
on an equimolecular basis.^-®-” 

It is the purpose of this report to present data obtained on patients 
with hjqioprothrombinemia to whom vitamin K therapy in the form 
of water soluble Synkajwite was given, and to demonstrate the 
wide margin of therapeutic safety this preparation possesses. In 
each instance the prothrombin content of the plasma was determined 
before therapy was instituted, and again after 24 hours and 72 hours 
had elapsed. The one-stage dilution technique previously de- 
scribed® was employed throughout. With this procedure a pro- 
thrombin level of 100% is considered normal. 

Method. Forty-eight patients with prothrombin deficiency were studied, 
31 of whom had a lowered prothrombin level due to inadequate absoqition 
of Htarain K from the intestinal tract. The remaining 17 patients exhibited 
various conditions with a lowered prothrombin level of intrahepatic origin, 
Synkayvite was given orally to 29 patients, intramuscularly to 14 and 
intravenously to 5. In each case the daily dose and the initial and post- 
ad^nistrative prothrombin levels are given in the accompanying table 
(Table 1). Cases 14, 32 and 40 were more than usually interesting and are 
presented below in some detail. 

Case Reports. Case 14. Female, aged 35, was hospitalized Mth a 
diagnosis of postoperative common duct stricture. Jaundice of an obstruc- 
tive origin had been present for 5 weeks. Bleeding from the gums and 
vagina had been noted for 10 days before admission. 

IITen first determined the plasma prothrombin level was reported as 
18%. Twenty mg. of Synka}Mte were given intravenously each day and 
despite deep jaundice all ewdence of hemorrhage disappeared within 4 hours 
of administration. Twenty-four hours after the S 3 mkayHte was given the 
prothrombin level was 100%. 

Case 32. Male, aged 24, hospitalized for sjmiptoms attributed to 
Banti’s syndrome. On admission the plasma prothrombin level was re- 
ported as normal but fell to 75% after one month. At this time a daily 
dose of Sjmkay vite, 5 mg. bj’ mouth was started. Within 24 hours the pro- 
thrombin level rose to 82% and at the end of 72 hours was 94%. In this 
case the response was most marked of all the patients suffering primarily 
from liver disease. It is likely that in this instance the involvement of the 
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liver was not so extensive as to preclude at least a partial response to the 
Synkayvite given. 

Case 40. Female, aged 23, admitted to the hospital with a diagnosis of 
acute myelogenous leukemia. An initial plasma prothrombin level of 
58% was reported. Ten mg. of Synkayvite were given intramuscularlj’- 
each day resulting in a rise to 60% of normal after 24 and 72 hours. How- 
ever the patient expired 3 days after the last prothrombin determination 
had been made and it is probable that the failure of Synkayvite in this 
case was occasioned by the severe liver damage demonstrated at autopsy. 


Table 1. — Prothrombin Before and After Synkayvite 

Prothrombin, % of normal Daily dosage of tetra- 

. . sodium 2-methyl-l, 

24 hours 72 hours 4-naphthohydroqui- 

aftcr after none diphosphoric 


Case 


No. 

Diagnosis 

Initial 

1 

Care, of head of pancreas 

43 

2 

Common duet stone 

85 

3 

Common duct atone 

45 

4 

Caro, of head of pancreas 

65 

5 

Care, of head of pancreas 

55 

6 

Caro, of stomach, no jaundice 

82 

7 

Caro, of common duct 

58 

8 

Common duct stone 

55 

9 

Ulcer, colitis, no jaundice 

28 

10 

Care, of stomach, no jaundice 

55 

11 

Common duct stone 

65 

12 

Caro, of head of pancreas 

48 

13 

Care, of head of pancreas 

62 

14 

Common duct stricture 

18 

15 

Compl. ext. biliary fistula 

65 

10 

Care, of ampulla of Vater 

83 

17 

Common duct stone 

72 

18 

Common duct stricture 

45 

19 

Care, of head of pancreas 

71 

20 

Care, of esophaTOS, no jaundice 
Care, of stomach, no jaundice 

74 

21 

64 

22 

Ulcerative colitis 

43 

23 

Common duct stone 

58 

24 

Common duct stone 

86 

25 

Care, of common duct 

57 

26 

Common duct stone 

39 

27 

Compl. ext. bile fistula 

55 

28 

Caro, of ampulla of Vater 

54 

29 

Common duct stone 

45 

30 

Common duct stone 

85 

31 

Care, of common duct 

65 

32 

Banti’s syndrome, no jaundice 

75 

33 

Cirrhosis, jaundice 

60 

34 

Cirrhosis, jaundice 

64 

35 

Multiple myeloma, large liver, 
no jaundice 

63 

36 

Cirrhosis, no jaundice 

75 

37 

Cirrhosis, jaundice 

75 

38 

Cirrhosis, jaundice 

70 

39 

Cirrhosis 

62 

40 

Leukemia, large liver 

58 

41 

, Leukemia, large liver 

40 

42 

Cirrhosis, jaundice 

71 

43 

Cirrhosis, no jaundice 

80 

44 

Metastatic carcinoma of liver, 
jaundice 

80 

45 

Cirrhosis, no jaundice 

75 

46 

Acute catarrhal jaundice 

63 

47 

Acute catarrhal jaundice 

70 

48 

Abscess of liver 

54 


treat- 

treat- 


acid ester 

ment 

ment 

(Synkayvite), mg. 

100 

100 

5 

orally 

100 

100 

5 

(( 

100 

100 

5 

tt 

100 

100 

5 

it 

100 

100 

10 

tt 

100 

100 

10 

intravenously 

100 

100 

10 

orally 

100 

100 

10 

intravenously 

100 

100 

10 

tt 

100 

100 

10 

It 

100 

100 

10 

orally 

100 

100 

10 

tt 

100 

100 

5 

If 

100 

100 

20 

intravenously 

100 

100 

10 

orally 

100 

100 

5 

tt 

100 

100 

10 

tt 

100 

100 

15 

tt 

100 

100 

10 

tt 

100 

100 

10 

intramuscularly 

100 

100 

10 

(( 

100 

100 

10 

tt 

100 

100 

10 

orally 

100 

100 

5 

(( 

100 

100 

10 

tt 

100 

100 

15 

tt 

100 

100 

10 

(t 

100 

100 

10 

tt 

100 

100 

10 

tt 

100 

100 

10 

tt 

100 

100 

10 

tt 

82 

94 

5 

It 

68 

85 

5 

tt 

65 

68 5 or 

10 

tt 

63 

62 

10 

tt 

80 

83 

10 

tt 

88 

85 

10 

tt 

70 

70 

10 

intramuscularly 

tt 

66 

71 

10 

60 

60 

10 

tt 

43 

Expired 

10 

tt 

70 

70 

10 

tt 

80 

83 

10 

tt 

80 

80 

10 

tt 

78 

85 

10 

tt 

68 

79 

10 

tt 

73 

79 

10 

tt 

55 

60 

10 

tt 


Therapeutic Safety. In order to determine the low toxicity of 
Synkajwite, 2 essentially normal individuals were chosen as experi- 
mental subjects. Both were adult males, aged 23 and 40 years 
respectively, and had been hospitalized for the repair of inguinal 
hernise. Pre-experimental plasma prothrombin levels were normal 
and each subject was then given 200 mg. of Synkayvite intraven- 
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ously followed by the determination of daily prothrombin levels 
over a 7-day period. In no instance was there noted any untoward 
symptoms, alteration in prothrombin level, change in hematologic 
picture or urine. The results are summarized in Table 2. 

TaBI.B 2.— Bi.OOD VAJ.tJES IX 2 NoRMAI. ISDIVlntTALS 

Case 1 Case 2 



Initial 

At end of 

7 days 

Initial 

At end of 
7 days 

R.B.C. (in millions) 

. 4 8 

5 1 

5 1 

5 2 

Hb. (in grams) . . . . 

. 16 

16 

16 

15 5 

W.B.C. (in thousands) 

. G 0 

7 2 

7 8 

9 7 

Prothrombin (%) . 

. 100 

100 

100 

100 


The blood smears were entirely normal, including differential count and character 
of leukocytes. 

Comment. From Table 1 it will be noted that every patient 
(Cases 1 through 31) whose prothrombin deficiency was the result 
of a defective absorption of vitamin K responded rapidly; the 
prothrombin always returned to normal within 24 hours. The 
remaining 17 cases, whose prothrombin levels were not so dra- 
maticallj' changed, were without exception instances of intrinsic 
liver damage in which it is presumed the hepatic lesions were so 
extensive that the organ could not accelerate prothrombin produc- 
tion even though given an excess of the vitamin. 

The vitamin K preparation employed gave satisfactory results in 
the patients who were subjected to major operative procedures, 
regardless of the route chosen for its administration. However, in 
general, it was noted that a more sustained effect was obtained 
when the oral or intramuscular route was chosen than when intra- 
venous administration was instituted. In the latter case it seems 
not improbable that a greater amount of the active substance was 
excreted through the kidneys before its total effect could be obtained. 

Recentlj’-, Allen and Julian" have emphasized the diagnostic im- 
portance of the effect of a trial dose of vitamin K in patients with 
jaundice and prothrombin deficiency. Patients whose hjT>opro- 
thrombinemia results from inadequate absorption of the vitamin 
display a rapid return of prothrombin to normal within 8 to 24 
hours. In those cases in which the prothrombin reduction results 
from primary liver disease little or no benefit from the use of the 
naphthoquinone is obtained. These two distinctly different re- 
sponses to a trial dose of the vitamin serve as an excellent means 
for differentiating between intra- and extrahepatic jaundice. In 
applying this differential method a single dose of the vitamin is 
administered and the prothrombin again observed after 12 hours. 
In order to assure prompt response the naphthoquinone should be 
administered intravenously. For this purpose we have found the 
water soluble tetrasodium salt of 2-methyl-l, 4-naphthahydro- 
quinone diphosphoric acid ester more advantageous than the fat 
soluble compounds which can only be used orally or intramuscularly 
in oil. 
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Toxic manifestations due to the administration of vitamin K or 
one of its preparations are apparently rare in animals or in man. 
Recently Molitor and Robinsoid'* found that in mice the oral lethal 
dose was approximately 200 mg. per kg. of bodj’^ weight for phthiocol 
and 500 mg. per kg. for 2-methyl-] , 4-naphthoquinone. However, 
no lethal effects were observed in doses up to 25 gm. per kg. in the 
ease of natural vitamin K (2-methyl-3-phytyl-l, 4-naphthoquinone), 
hostel'/” using Synkaj^vite, found that large doses must be given 
before a lethal effect is noted (450 mg. per kg. in the case of mice 
in which the drug Avas given intravenously or subcutaneously). 
Toxicity Avas observed in rabbits AA'hen 50 to 200 mg. per kg. were 
given. Such symptoms included an acceleration in the respiratory 
rate, rise in temperature, pin-point pupils and a state of anxiety 
and apprehension, Shimkin“ states that transitory mild collapse 
and respiratory embarrassment appeared early, that later the legs 
extended, the animal became cyanotic, the urine broAAm iii color, 
and that death Avas tlie result of respiratory failure. 

Experiments conducted by Foster, Smith and in AA'hich large 
doses of • Synkay vite Avere given over an extended period of time 
shoAA^ed that a slight loss in Aveight Avas noted in rats fed 10 doses 
of 100 mg. per kg. over a 14 day period. Rabbits receiving similar 
doses over a 20 day period displayed a mild anemia AAdiile larger 
doses produced a marked aplastic anemia AAuth a 50% mortality. 
These investigators also noted a yelloAvish-broAAUi or pinkish- 
orange discoloration of the fur of rats and rabbits subjected to 
repeated high dosage of this drug. HoAA^ever no local irritation AA’^as 
found. 

Alleiff has reported on the daily administration of 8 mg. of 
menadione (2-methyl-l, 4-naphthoquinone) to a human patient 
OA^er a period of 18 months. No toxic or untoAA’^ard effects haAm been 
noted. This patient has continued receiving the same daily dose 
noAA^ for 30 months, still AA’ithout any signs of toxicity. It AA^ould 
seem therefore that the toxic dose of the naphthoquinones appar- 
ently so greatly exceeds the therapeutic dose that there is little 
risk of any toxic reactions AA'hen the drug is administered in the 
routine treatment of the patient. 

The results obtained in the present experiments indicate that the 
acutely toxic dose of Synkayvite seemingly is far greater than the 
advised therapeutic one. 

Summary. 1. The tetrasodium salt of 2-methyl-l, 4-nap tho- 
hydroquinonc diphosphoric acid ester, a AA'ater soluble Autamin 
K-like substance, AA'as administered to 31 patients Avith obstructiA'e 
jaundice and 17 AA'ith intrahepatic jaundice. This drug uniformly 
elevated the prothrombin in the obstructive jaundiced patients. 
In those patients Avith intrahepatic jaundice the prothrombin 
response was comparatively slight. 

2. No toxic -symptoms AAcre noted during the course of clinical 
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trial with this substance, even though a single dose of as much as 
200 mg. was administered in two instances. The coagulation time 
was not abnormally shortened. 

3. This new water soluble naphthohydroquinone is especially 
valuable in the postoperative care of the jaundiced patient. Such 
patients frequently displaj'^ a reduction of prothrombin a day or 
two after operation even though preoperative therapy was carried 
out. This postoperative hypoprothrombinemia can be prevented 
or corrected by the parenteral administration of a water soluble 
preparation. 

REFERENCES 

1. Allen, J. G.: New England J. Med., 224, 195, 1941. 

2. Allen, J. G., and Julian, O. C.: Arch. Surg., 41, 1.363, 1940. 

3. Allen, J. G., Julian, O. C., and Dragstedt, L. R.: Arch. Surg., 41, S73, 

1940. 

4. Almquist, H. j., and Klose, A. A.: Proc. See. Exp. Biol, and Med., 45, 55, 

1940. 

5. Dam, H.: Biochem. Ztsohr., 215, 475, 1929. 

6. Dam, H.: Biochem. Ztsehr., 220, 158, 1930. 

7. Dam, H.: Nature, 135, 652, 1935. 

8. Dam, H.: Biochem. J., 29, 1273, 1935. 

9. Davison, M., Steigjiann, F., and Udesky, H. L.: Surg., Gynec. and Obst., 
74, 35, 1942. 

10. Foster, R. H. K.; Proc. Soe. Exp. Biol, and Med., 45, 412, 1940, 

11. Foster, R. H, K., Lee, J., and Solmssen, U. V.: J. Am. Chem. Soc., S2, 
453, 1940, 

12. Foster, R. H. K., S.mith, J. J., and Ivy, A. C.: Am. J. Physiol., 133, 279, 

1941. 

13. McKee, R. W., Binkley, S, B,, MacCorquodale, D. W., Thayer, S. A., 
and Doisby, E. A.: J. Am. Chem. Soc., 61, 1295, 1939. 

14. Molitor, H., and Robinson, H. J.: Proc. Soc. Exp. Biol, and Med., 43, 125, 
1940. 

15. Rhoaps, j. E., and Fleigelman, M. T.: J. Am. Med. Assn., 114, 400, 1940. 

16. Shimkin, M. D.: J. Pharm. and Exp. Then, 71, 210, 1941. 


THE WATER AND ELECTROLYTE DISTRIBUTION IN DIABETES 

MELLITUS* 

Dehydration in Diabetes 
By F. William Sunderman, M.D., Ph.D. 

assistant professor of research medicine, university of PENNSYLVANIA', 
CHIEF OF diabetic CLINIC A, PENNSYLVANIA HOSPITAL, PHIL.ADBLPHIA, PA. 

Our present knowledge of the pathologic physiology of diabetes 
is due largely to the application of chemical methods to the prob- 
lems presented by the patient. At the beginning of this century 
internal medicine had developed to a point where chemical help 
was indispensable in the diagnosis and treatment of the patient— 
especially the diabetic patient. Out of this need was developed the 
present clinical chemistry division of the hospital laboratory. 

* Read before the Cincinnati Academy of Medicine on “ Diabetic Day,” March 3, 

1942. 
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Initially, this branch of chemistry utilized the older, cumbersome 
methods of quantitative chemical analysis, but it soon became 
necessarj^ to develop new procedures. Thus, it is questionable 
whether the use of insulin, or perhaps even its discovery, could 
have been possible without the timely improvements in the methods 
of analysis for blood sugar. The best methods of analyzing for 
sugar 50 years ago required from 100 to 500 ml. of blood and time- 
consuming analytical work. The development of micro-methods 
for blood sugar analysis, first by Bang in 1913,^ however, made it 
possible to make analj^ses upon 1 ml. or less of blood within a 
half hour. Thus, one might ask what might be the present status 
of our knowledge of diabetes were it not for this great advance in 
methodology. In a real sense, the application of chemical methods 
has been the cement which has bound together the foundations of 
our knowledge of diabetes. 

In no disease has the composition and character of the body 
fluids and tissues been more intensively studied than in diabetes 
mellitus. This applies especially to its most serious complication- 
diabetic acidosis. Important advances have been made in recent 
years in our knowledge of the distribution of the salts of the body 
under various normal and pathologic conditions. Gradually insight 
has been gained into the disturbances produced by alterations in 
the distribution of salts. We wish to direct attention particularly 
to these disturbances in diabetes mellitus. In this field of metabolic 
research we are especially indebted to the contributions of Gamble 
and his associates®'® on dehydration and the mass movement of 
salt and water in the body; to the serum electrolyte studies of 
Peters,® Peters and Van Slyke,® of Guest and Rapoport^ and of 
others; and to the electrolyte balance studies in diabetic acidosis 
bj^ Atchley, Loeb and their co-workers.^ 

Our approach to the distribution of water and electrolytes in 
diabetes mellitus has consisted in the main of 3 types of study: 
(1) changes produced by the administration of glucose to diabetic 
patients without ketosis;^® (2) changes produced by the injection 
of insulin to severe diabetic patients;^® (3) changes observed in 
depancreatized dogs permitted to lapse into diabetic ketosis.^® 

The first study was designed to determine in the diabetic patient 
to whom glucose was administered the changes in acti^dty of glucose 
and chloride in the serum as well as changes in the total content of 
these components. 

The experimental procedure was essentially as follows: Blood 
serum was obtained after an overnight fast from severe diabetic 
patients to whom the administration of insulin was temporarily 
stopped. Seventy-five grams of glucose were administered to 
each patient and after an interval of 90 minutes, serum was again 
obtained. 

In these studies special conditions existed such that without 
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direct nieasurement of serum volume one may dran- reasonably 
reliable inference as to changes in the total amount of the serum 
components in the body. Assuming that the solids of the serum 
(which are between 90 and 95% protein) remain constant during 
the 90-minute period of the experiment (and for our purposes this 
assumption is acceptable), then the concentrations of the com- 
ponents may be expressed in relation to the solids and tlie per- 
centage change in the total amount of these components may he 
calculated. In Table 1 are given data taken from a typical case. 

T.\bI/E 1. — Effect of Inge.stion of Gi.ucose (C.^sb fi) 


Scrum 

Before piuco'fe 

.After eliico«e 

PifTorf'Jicf 

Specifir Ifravity 

1 0201 

I 0289 


Solids, gm./kg. scrum 

9.3 95 

87 10 

““0 So 

Cl, mEq./Iiter scrum 

100 1 

9S 2 

-^1 0 

mEq. /kg. .serum water 

107 d 

104 5 

-2 0 

mEq./kg. senira solids c.vel. glii- 

oo.se and Cl 

1121 2 

1221 1 

+ 99 9 

Glucose, mM./liter serum 

S .5 

19 4 

+ 10 9 

mM./kg. serum water . 

9 1 

20 7 

+ 11 0 

mM./kg. serum solids exel. 

glucose and Cl 

94 7 

2C4 S 

+ 170 1 

Water, gm. /liter serum 

932 4 

939 3 

+ 0 9 

gm./kg. serum solids e.xcl. glu- 

cose and Cl . . 

10441 0 

11680 0 

+ 1245 0 


The concentrations of glucose and chloride before and after the 
administration of glucose have been expressed in relation to the 
water and solid concentration in the serum. It will be observed that 
there was an increase in the total amount of glucose (mlM.'kilo 
serum solids) as well as an increase in its concentration in the 
scrum (mM./liter serum). Although the concentration of chloride 
flecreased, the total amount of chloride in the scrum increased. 
The total amount of water in the serum increased following the 
ingestion of glucose. 

From such analyses it has been possible to calculate the percentile 
inci'ease in the water of the serum and also the molal concentration 
of the added glucose and added chloride calculated as if it were in 
this added water. The percentile increases in the water of the 
.serum after the ingestion of glucose, are shown in the upper portion 
of Chart 1. Our analyses require that the solution transferred to 
the serum with the glucose contain from 0 to 103 mEq. of chloride 
per kilogram of water. The addition of glucose to this saline solution 
usually gave a solution for which the calculated molal concentration 
was higher than for the fasting serum. This calculation wjis cor- 
roborated by an observed slight increa.se in the freezing-))oint rh'pres- 
sion in tlie serum obtained after glucose ingestion. In tljc ujijxt 
jjoi'tion of Chart 1 are given also the results obtained following the 
ingestion of glucose in 2 normal individuals. In these 2 individuals 
there was an outflow of water as well as of glucose and cliloride. 
The changes in the controls are the reverse of those observed in 
the diabetic patients. 
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111 Chart 2 is plotted the increase in the milliosmolal concentra- 
tion of glucose in the serum against the decrease in the milliosmolal 
concentration of chloride. The statistically calculated regression 
line is: — AttCI = O.SGQAtt glucose -f 1.50. If the milliosmolal 
decrease in the concentration of chloride ivere equal to the inillios- 


Mter in^eslion of qlucosc 



III 





After injection of Insulin. 

Chaht 1. — Percentile change of watci' content in serum of diabetic patients. 



nmilliosmal Glucose 

Ciiaht 2. — Increase in osniolal concentration of glucose against deci’case in 
osniolal concentration of chloride. 

molal increase in glucose, the data would follow the dotted line. 
Increase in the concentration of glucose is thus not entirely- com- 
pensated for osmotically by decrease in the concentration of chloride. 

The simplest schematic interpretation of the situation here por- 
trayed is that the uptake of gluco.se in the serum of diabetic patients 
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(but not in normal individuals) tends to draw water into the serum 
from the tissues. The water added to the serum with the glucose 
tends to dilute the serum electrolytes, and to set up a potential 
gradient for electrolyte from tissue to serum, hence an inflow of 
chloride into the serum. Thus in the diabetic patient a potential 
gradient induced with respect to glucose, induces secondarily a 
potential gradient with respect to electrolyte. The diuresis that 
usually ensues following the ingestion of glucose in diabetic patients 
may be a reflection of the increased content of water poured into 
the serum. 

A second approach to the problem of the distribution of electro- 
lytes in diabetic patients was made by determining the changes 
induced in the serum following the administration of large doses 
of insulin to diabetic patients Avith high blood sugars. 

After a period Avithout insulin long enough to induce marked 
eleAmtion of blood sugar and after an oA-ernight fast, sufficient blood 
AA'as AvithdraAAm for a complete analysis of the electrolytes. The 
patients AArnre then given a large dose of insulin (50 to 120 units), 
still fasting. FolloAving the insulin the patients Avere permitted to 
ingest AAmter as desired. When the blood sugar had fallen to Avithin 
normal limits (within 40 minutes to 3 hours), or upon the appearance 
of any symptoms of an insulin reaction, a second specimen of blood 
AAms removed and the studj^ was discontinued. 

In Table 2 are given data from a typical case. After insulin 
administration to the diabetic patients, the solids of the serum tended 
toward increased concentration. Assuming that the solids exclusive 
of glucose and chloride in the serum remain constant during the 
brief period of these observations, then the change in the total 
amounts of components in the circulating serum may be calculated. 
"i^Tien such estimations are made, there can be demonstrated a 
decrease in the total amounts of glucose, chloride, and AA^ater in 
the serum. 

Table 2.— -Effect op Insolin (Case G) 


Serum 

Before insulin 

After insulin 

Difference 

Specific gravity 

1 0289 

1 0292 


Solids, gm./kg. serum 

88 70 

93 50 

+4 80 

Cl, mEq./liter serum 

96 1 

99 4 

+3 3 

mEq./kg. serum water 

102 5 

106 5 

+4 0 

mEq./kg. serum solids excl. giu- 

cose and Cl ... 

1174 8 

1109 1 

-05 7 

Glucose, roM./liter serum 

21 4 

4 8 

-10 6 

mM./kg. serum water 

22 8 

5 2 

-17 6 

mM./kg. serum solids excl. 

glucose and Cl 

2G1 6 

53 9 

-207 7 

AA'atcr, gm. /liter serum 

937 6 

933 0 

-4 6 

gm./kg. serum solids exel. glu- 

close and Cl ... . 

11403 0 

10420 0 

-1043 0 


In the lower portion of Chart 1 are shoAvn the percentile decreases 
in the Avater of the serum after injection of insulin. This anhydremia 
AA'hich develops AA'hen insulin is given has long been recognized. 
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Following the administration of insulin to dogs, Drabkin, Page and 
Edwards,® and Drabkin^ demonstrated -that there was increased 
concentration of hemoglobin, increased erythrocyte counts and 
reduction in the plasma volume. 

After the administration of insulin, the concentration of serum 
sugar was decreased in the serum in all of the diabetic patients. 
It is interesting to note, hoAvever, that in 4 of the observations the 
study had to be terminated at a time when the concentration of 
serum sugar was above 200 mg. per 100 ml. because of the appear- 
ance of insulin reactions. In these patients the shocklike reactions 
occurred when there had been a high initial blood sugar with fall 
in concentration of sugar amounting to 1 mg. or more per 100 ml. 
per minute. Neither high initial serum sugar nor rapid rate of fall 
independently induced reactions but the combination of these two 
factors did so. These shocklike reactions, which we could not dis- 
tinguish clinically from the ordinary insulin reaction, developed 
while the serum sugar concentrations were still above 200 mg. per 
100 ml. They were promptly relieved by the administration of 
glucose. 

Before insulin administration the chloride concentration in the 
serum of the diabetic patients decreased below the normal range in 
13 out of 17 observations. After insulin administration in eaeh case 
the chloride concentration was increased above the original value, 
the increase after insulin amounting to as much as 7.6 mEq. per 
liter of serum. Similar relationships were observed with respect 
to the total base and sodium concentrations in serum (as with 
chloride). In the majority of cases the concentration of sodium 
and of total base were increased above the original values. As with 
the chloride measurements, it can be demonstrated that, although 
the concentration of these components was increased after insulin, 
nevertheless, the total amounts of total base and sodium in the 
circulating serum were decreased. The changes in the serum of 
diabetic patients following the injection of insulin were essentiallj^ 
the reverse of those observed when these patients received glucose 
without insulin. 

The direction in which changes occurred in the distribution of 
glucose and chloride in the serum of severe diabetic patients without 
ketosis has been summarized in Table 3. 

Table 3. — Changes Observed in the Sebum of Diabetic Patients 

Serum Concentration Total amount 

After Ingestion of Glucose 


Glucose 

> 

> 

Chloride, total base (volume >) 

< 

> 

After Injection of Insulhi 

Glucose 

< 

< 

Chloride, total base (volume <) 

> 

< 
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The third approach to the problem of the distribution of water 
and electrotytes was designed to determine, by direct methods, the 
changes m the concentration and in the total amount of com- 
ponents in the circulating serum during the ketosis of experimental 
diabetes induced in dogs by pancreatectomy. In addition to 
measuring the serum volume directly b 3 ^ means of d,ye injection, 
the amount of extracellular fluid was estimated b,y the NaCNS 
method. 

Large healthy dogs were kept under constant conditions in their 
cages for a week or more before studies were made. After this 
preliminary period and a fasting period of 24 hours, the animals 
were given nembutal parenterally, following which measurement 
of serum volume was made by the vital red method^^ and blood 
was withdrawn for chemical analj'ses. Total pancreatectomj- was 
then performed. After operation, the animals were giv'en mainte- 
nance doses of insulin until recover}^ had occurred. After the opera- 
tive scars had completelj' healed and the animals were regarded as 
in acceptablj' good condition, insulin therapj’ was completelj" with- 
held and the animals were permitted to go into ketosis. I'lnal 
measurements were made when ketosis was well developed. The 
period of time required for the development of severe ketosis varied 
with individual dogs, some remaining active for as long as 3 weeks 
following the withdrawal of insulin. All of the animals had heav^- 
ketonuria for several days before the final measurements were 
made, although some had relativelj' little fall in concentration of 
serum COj. 

Since all of the depancreatized dogs lost greatly in body weight, 
the effect of ketosis following simple fasting was also studied in 
measurements on 2 dogs before and after losing a fourth of their 
body weight. 

Since the changes in the individual serum constituents were all 
consistent in the depancreatized dogs we present only the average 
of the serum values obtained during the control period and during 
ketosis. The results of these analj'ses are given in Table 4. 


Table 4.— Average of Sf.rem Anaevses (0 Diabetic Dogs) 

Period 



Control 

Diabotic kPtO'i*' 

Soriim volume, ml./kK- body n-eight 

52 S 

70 3 

Sugar, mg./lOO ml. 

106 0 

450 0 

Solids, gm./lOO 

7 4 

0 7 

Protein, ml. gm./IOO 

5 4 

5 0 

P.A., mM./L. 

9 3 

17 0 

Cholesteroi, mg./lOO ml. 

1S2 0 

1S4 0 

Total base, mEq.|T,. 

Chloride CO:: 

147 S 

1,39 .8 

mEq./L. 

109 4 

101 5 

Volume % 

57 0 

37 0 

Undetermined anion, mEq./L. 

3 8 

13 4 

A, 'C 

-0.545 

-0 593 
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During the control period the average serum volume was 52.8 ml. 
per kilo of body weight; all of these measurements were within the 
normal range of values previously obtained on normal dogs in our 
laboratory. Following ketosis the serum volume per kilo of body 
weight increased in all of the dogs (averaging 70.3 ml. per kilo). 

The concentration of sugar increased from the average ^^alue of 
106 mg. per 100 ml. during the control period to 450 ml. during 
ketosis. The concentrations of serum solids and serum proteins 
decreased during ketosis. The concentration of fatty acids increased 
to approximately twice the normal value. Cholesterol estimations 
were made in 5 animals; 2 exhibited increased cholesterol concen- 
trations during ketosis; 2, decreased concentrations; and 1 exhibited 
no change. 

The concentrations of total base, Cl, and CO 2 decreased in the 
sera of all of the depancreatized dogs during ketosis. The concen- 
tration of undetermined anions was obtained by adding the values 
of BCl, BHCO3 and BPr and subtracting this sum from the value 
for total base. In all but one of the dogs the concentrations of 
undetermined anions increased greatly during ketosis. 

The freezing-point depression of the sera increased above the 
value obtained initially. The decrease in the osmolar concentrations 
of total base during ketosis was thus more than compensated by 
the increased osmolar concentration of sugar and other non- 
electrolytes. The concentration of urea increased during ketosis. 

As all of the diabetic dogs suffered severe reductions in body 
weight, comparison of similar measurements was made in dogs 
subjected to simple fasting. The result of these measurements is 
not given in the table. However, with the exception of a slight 
reduction in the concentration of serum protein and cholesterol 
and a slight increase in the concentration of undetermined anion, 
the concentrations of serum components exhibited no essential 
change during fasting. 

The amounts of components in the eirculating serum were cal- 
culated during the control period and during ketosis and were 
compared in two ways. First, the total amount of a given component 
in the serum during ketosis was compared to the total amount of 
that component present during the control measurements. Second, 
the total amount pf a gi^'en component per kilo of body ^veight 
during ketosis was compared to the total amount of that component 
per kilo of body weight during the control measurements. In 
Table 5 are given the average of the percentile changes in the 
amounts of serum components during ketosis as related (1) to the 
total amount present in the circulation during the control period, 
and (2) as related to the amount present per kilo of body weight 
during the control period. The values in the depancreatized animals 
are compared to those obtained in the fasted animal. 

From the time of the initial to the final measurements the diabetic 



110 


SUNDERMAN: DEHYDRATION IN DIABETES 


dogs lost weight amounting from 26 to 43% (average, 33%). Final 
measurements were made in the fasted animals after a reduction 
of 26% of the body weight. 

In Table 5 it will be seen that although the total amount of 
serum present in the circulation during ketosis was 10% less than 
in the healthy state, the serum volume per kilo of body weight was 
on the average, 29% greater than in the healthy state. In the 
fasted animals the total serum volume decreased in proportion to 
the reduction in body weight (24%) so that the serum volume per 
kilo of body weight remained constant. 

Table 5.— Peecentile Change in Serum Contents During Ketosis 

Diabetes Fasting 

Per unit of Per unit of 


Body weight 

Serum: 

Total 

bodj weight 

-33 

Total 

bodj WPI 
-26 

Volume 

-10 

+29 

-24 

+2 

Water 

-0 8 

+33 

-24 

+ 3 

Total base 

-15 

+23 

-26 

0 

Cl 

-16 

+25 

-27 

-2 

BPr 

-18 

+20 

-30 

-7 

BHCOj 

-45 

-17 

-30 

0 

Sugar 

+282 

+431 

-31 

— 7 

Cholesterol 

+ 6 

+49 

-37 

-16 


In the diabetic dogs the total amount of water in the serum 
during ketosis was unchanged although the serum water per unit 
of bod}' weight increased 33%. In the starved dog the total serum 
decreased in proportion to the decrease in body weight, so that 
the serum water per unit of body weight was unchanged. The total 
amounts of total base, Cl, and BPr in the diabetic dogs all decreased 
during ketosis, although the amounts of all of these components 
per unit of body weight increased. In the fasted animal the amounts 
of these components per kilo of body weight remained almost 
unchanged during ketosis. 

Of all the serum components studied in the diabetic dog and 
expressed per unit of body weight, only the bicarbonate content per 
kilo of body weight was consistently decreased. These analyses 
of serum in the depancreatized animals are in marked contrast to 
those obtained during the ketosis of fasting. In the fasted animal 
the total amount of each of the serum components per unit of body 
weight as well as the serum volume per unit of body weight remained 
practically unchanged with the exception of protein and cholesterol 
which were decreased. 

The results of the measurements of the extracellular water in 
two of the depancreatized dogs (Es and Es) and of one fasted dog 
(Ee) are shown in Table 6. During ketosis in the depancreatized 
dogs, extracellular water per unit of body weight increased 12.5 
and 8.4% respectively, while in the fasted animal the extracellular 
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water increased only 3.7 %, which may be Avithin our experimental 
erron^- In the diabetic animals the total,, amount of extracellular 
AA'ater present during ketosis w^as little. if at all changed from that 
measured during the normal state in spite of loss of bodj^ AA^eight. 


Table G. — Extracellular AA^'ater 

E\traceIIular water 


Dok 

Period 

Body weight, 
kg. 

Kg. 

% of body weight 

Eg 

Control 

15.3 

4.89 

31.0 


Diabetic ketosis 

11.3 

4.89 

43.5 

Es 

Control 

33.8 

10.64 

31.5 


Diabetic ketosis 

25.5 

10.16 

39.9 

Ec 

Control 

16.2 

5.44 

33 6 


Fasting 

12.1 

4.51 

37 3 


During the deA'^elopment of diabetic acidosis excessiA'e amounts 
of AA'^ater and electrolytes are excreted in the urine. Atchlej’, Loeb 
and their associates/ in balance studies of patients during the early 
stages of diabetic acidosis produced by the AAuthdraAA^al of insulin, 
obserA^ed excretion of base greatly in excess of the amounts ingested. 
Most striking, perhaps, in their obserA-ations AA^as the increased 
urinary excretion of intracellular constituents (K, PO4, SO4 and N) 
during the acidosis periods. In one of their patients the loss of 
potassium exceeded the loss of sodium. A question that obAUously 
arises is; Avhich space or spaces in the body supply the AA’^ater and 
electrolytes that are excreted? 

It is the usually accepted concept that dehydration is accom- 
panied by a AAuthdraAval of AA^ater from both the extra- and intra- 
cellular fluid compartments and that the serum A’^olume falls Avhen 
the interstitial fluids attain a certain minimal A^alue. Support for 
this theory has been deriA'-ed chiefly from Na and K losses from the 
body. HoAA’^ever, our studies Avould indicate that during the dehy- 
dration of diabetic ketosis the water and electrolytes apparently 
do not come from the circulating serum, since the total amounts 
of these components may be increased. It AA’^ould seem to us that, 
in the main, the extracellular fluid proAudes the Na and Cl for 
excretion; the cells supply the K, PO4, SO4, and N, and the intra- 
cellular space proAudes the AA’^ater. 

Chart 3 is our schematic representation of the electrolyte changes 
in the body during the course of diabetic acidosis. The first column 
represents the normal concentration of the electrolytes of the serum, 
the normal A^olume of serum and the normal amount of AA’ater and 
electrolyte in the extraA’ascular spaces. During the deA-elopment 
. of diabetic acidosis, ketone acids ((8-hydroxybutyric and diacetic 
acids) increase in excessiA^e amounts. The increase in these acids 
displaces HCOs" AA'hich is expired into the air as CO2. The kidneys 
tend to maintain a normal electrolj’te pattern by excreting organic 
acids in the urine as free acids and in combination AA'ith 
In this process the production of NHa"^ is insufficient for combina- 
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tion with the organic acids awaiting excretion and as a consequence, 
fixed base is excreted for the purpose. This loss of base necessitates 
the withdrawal of water if isotonicity of the body fluids is to be 
maintained. Coincident with the withdrawal of base and water 
from the tissues, the serum volume and the total amounts of base 
and chloride in the serum increase. Increasing concentrations of 
glucose, urea and other non-electrolytes appearing in the serum 
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CiiAiiT 3. — Schema dcmoiistrating changes in relation to diabetic ketosis. 


elevate the total osmotic pressure of the serum. In partial com- 
pen.sation the concentration of the electrolytes may be decreased 
liy inerea.se of .serum water, although the total amount of electrolyte 
In increasetl. 

Finally, as shown in the third column, the extravascular fluids 
become greatly depleted and, with the continued demand for fixed 
base to combine with the organic acids, chloride begins to release 
its liasc by its secretion as HCI in the vomitus. The protopla.smio 
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structure of the organism is soon unable to withstand further 
strain, and unless therapy is instituted, death ensues. In the last 
column is shoivn a return to the normal distribution after admin- 
istration of insulin and saline. 

A most conspicuous feature in the development of diabetic acidosis 
leading to coma is the depletion of fixed base and water. Administra- 
tion of saline solutions alone will not alleviate the resulting dehy- 
dration. However, the administration of insulin together with 
saline solutions results in transfer of water and electrolytes from 
the serum to the extravascular fluids and is recognized as the only 
successful method of combating the dehydration of diabetic ketosis. 
The action of insulin is followed by a decreased production of 
organic acids and, as a consequence, the electrolj'^te pattern and 
osmotic pressure of the serum gradually return to their normal 
values. Such, in outline, is the role played by the electrolytes 
during the course of diabetic coma. 

The extreme dehydration occurring in diabetic ketosis is perhaps 
most strikingly shown by the gain in weight during convalescence. 
In one patient, recently studied, the gain in weight amounted to 
8 pounds in 4 days. 

The occurrence of coma in diabetic patients is precipitated by 
acute infections in more than 50% of the cases. During the early 
stages of such an infection the patient is often urged to drink copious 
quantities of water; or, because of the beginning of dehydration, 
he may possess a craving for water. This water, if unaccompanied 
by salt, cannot be stored and is excreted. In its excretion it tends 
to carry salt with it, thus further depleting the body’s reserve of 
base. Therefore, the ingestion of water alone may hasten dehydra- 
tion in the diabetic patient, whereas water given with the proper 
amount of salt is one of the simplest and most effective methods of 
forestalling dehydration. However, and above all, it must be 
emphasized that in providing for a return toward the normal dis- 
tribution of water and electrolytes in the vascular and extravascular 
fluids of the diabetic patient with ketosis, insulin, in addition to 
saline solutions, is essential. No lasting significant beneficial effects 
will be secured when saline solutions are given diabetic patients in 
coma unless adequate amounts of insulin are also given with saline. 

Summary. We have indicated the altered distributions of bodj- 
water and electrolytes associated with diabetes. Administration of 
glucose to the severely diabetic individual without ketosis leads to 
a transfer into the circulating serum of water, NaCl, and glucose 
from the body tissues, so that the total amount of these component.s 
in the serum is increased, even though the concentrations of the 
electrolytes in the serum may actually be decreased. Likewise, in 
depancreatized dogs with ketosis there is a continued transfer of 
water, NaCl, and glucose from the tissues into the circulation. On 
the other hand, administration of insulin to the diabetic human 
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produces a reversal of these processes and causes transfer of water 
and electrolytes from the serum into the tissues. We wish to empha- 
size this action of insulin in readjusting the partition of water and 
electrolytes in diabetic individuals as important among its varied 
and comple.x effects. 
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F.y.mill\l cretinism is a rarity in this country. It is not uncommon 
where thiToid deficiency is endemic, as in Switzerland. In the 
review of the American literature, we were able to find but very few 
instances, and none quite similar to the one we are reporting. 

Hosen" described hypothyroidism in twins. Reilly*- reported a 
family with physical characteristics resembling hypothyroidism. 
Shelton*® described 4 cases of hj-pothjToidism in one family in which 
the stature was under -the accepted standards. Stevens*® reported 
4 cases which he categorized as sporadic cretinism; Goodkind and 
Higgins^ mention the occurrence in 2 siblings. Watson*^ reported 
3 cases in one family which he termed cretinoid amentia. Herrman® 
presented 2 different families with 3 cases of hypoth\Toidism. 
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Sanderson^'* reported 3 cases in one family wliich. he termed sporadic 
cretinism. Ebright® and Macllwaine^® both reported cases of 
myxedema in pregnant women whose children developed cretinism 
following birth. Johannsen® reported a Scandinavian family in 
which he was fairly certain that 3 of the members were cretins. 
Familial cretinism or myxedema is discussed by Albrecht,^ Laure 
and Patry,® Pighini,^^ Artom and Fornara,® but careful study of 
these articles fails to reveal a similarity to our patients. 

Case Reports. Case 1. E. D., a 13-year-old male, a typical sporadic 
cretin, entered the Cook County Hospital in February, 1940. He was 
admitted because of a prolapsed rectum which was reduced under surgical 
anesthesia. On questioning the parents about medical attention for this 
child it was found that none had been sought because of the presumable 
failure of medication on a preAuous sibling for a similar condition. This 
boy will be described subsequently. 



ABC 
Fig. 1. — A, Cretin, aged 13 years. B, Brother, aged 23 years. C, Normal boy of 7 

for comparison. 


The family history is one of the interesting features of this report. Two 
of the mother’s first cousins had thyroidectomies performed 10 years ago. 
The mother’s sister, now a resident of German Poland, is reported to have 
an enlarged thyroid gland. The father and mother appear to have adequate 
physical and mental development. There are 7 children: the oldest, a 
girl of 24 3 ’^ears who had a thyroidectomy at the age of 21 3 'ears; 4 others 
Avho are apparently nonnal, and our patients. 
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At entrance, E. D. weighed 391 pounds and was 36j inches tall (Fig. lA). 
He spoke no syllables, carried out no simple commands, was unable to walk, 
and had the intelligence quotient of an 18-month-old infant. The dwarfed 
stature and mental inadequacy, in addition to supraclavicular fat pads, 
raacroglossia, large abdomen and dry skin readily identified him. 

Roentgenograms of the bones revealed marked retardation of skeletal 
growth, with fragmentation and stippling of the epiphyses of the humeri 
and femori. The ossification of the wwist showed 3 carpal centers. iMarked 
caries and in .some instances only fragments of teeth were present. The 
electrocardiogi’am revealed low voltage in all leads. 



A B 

Fig. 2. — .1, Cn^c 1, 17 month-s later. B, C.'isc 2, 10 months l.iter. 


A biopsy obtained from a supraclavicular fat pad revealed a fibro- 
lipomatous structure. The blood ICahn and the Mantoux, intracutaneous 
1:1000 tests were negative. Vascular microscopj' and tonoscopy (per- 
formed by Dr. Olkon) revealed capillar}' deficit and stasis, vasomotor in- 
stability and atherosclerotic-like manifestations. These changes were 
interpreted as suggestive of inetabolic disharmony, nutritional deficit, and 
early senility. The patient did not cooperate sufficiently to determine the 
basal metabolic rate. 
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The boy was seen 17 months later (Fig. 2A). His activity had im- 
proved, he talked more, walked, and carried out simple commands. He 
I'eceived 2 grains of thyroid a da^’’ without ill effects. 

Case 2. F. D., a 22-year-old white male, brother of the former, a typical 
.sporadic cretin, entered the Research Hospital in March 1940. He was a 
full-term infant, second born of a nomial 9-month pregnancy Avith a 1-hour 
labor. When the boy reached the age of 3 years he Avas hospitalized because 
he did not groAv and develop like the first child. His skin Avas dry, tongue 
large, as Avere also the head and abdomen. He remained in the hospital for 
1 year, at the end of Avhich time he sat, Avalked and ate by himself, all of 
which he could not do before. From the age of 4 until the present time the 
boy’s condition Avas neglected. 

Upon entrance, F. D. Aveighed 46 pounds and Avas 381 inches tall, and 
Avas readily recognized as a typical cretin (Fig. IR). He spoke onl}'^ in 
monosyllables, carried out a feAv simple commands, and had an intelligence 
quotient of a S-j'^ear-old. 

In a recent report by one of lis,® this patient Avas adequately described 
and therefore Ave aauII dispense Avith the details of the history, physical ex- 
amination and laboratory findings. 

The patient AA\as last seen (Fig. 2B) at the same time as his brother. He 
weighed 47 pounds and Avas 43 inches tall. He Avas no longer constipated, 
obeyed commands, Avas more congenial, and his color had likeAvise improved. 
This patient received 2 grains of thyroid extract daily Avithout ill effects. 

Comment and Summary. Tavo brotliers AAdio Avere readily identified 
as typical cretins are reported from a family that had a history of 
frequent thyroid trouble. This is the first time we have encountered 
this separation in an experience Avith some 60 thyroid deficient 
children, RevieAv of the American literature indicates the rarity 
of this condition. 

These brothers, in addition, exhibited epiphyseal dysgenesis 
Avhich has been adequately reported in the recent literature^'^’’'* 
and therefore needs, no comment on our part. 

We Avish to emphasize the degree of improAmment made in both 
lioys, but especially in the 23-year-old one, AAdio tolerates his thyroid 
medication aa’^cII. 

In addition aa^c Avere able to obtain a biopsy of the supraclavicular 
fat pad, and perform Amscular and tonoscopic studies. 
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Since Allen Whipple® demonstrated that the head of the pancreas 
can be successfully resected, interest has been revived concerning 
the importance of the pancreatic enzymes in the digestion and 
absorption of food. Beazell, Schmidt, and Ivy^ recently reported 
4 cases of achylia pancreatica as the result of chronic pancreatitis 
which had been studied with and without replacement therapy. 
They pointed out that the number of such properly diagnosed and 
Avell studied patients are few, and that the general impression that 
oral pancreatic enzyme therapy in man is not of value is inconsistent 
with the results of animal experimentation. In each of their 4 cases 
they demonstrated that (1) the pancreatic enzymes were absent 
from the duodenum, (2) an excess of both fat and nitrogen was 
present in the feces, (3) increased absorption of both took place 
when substitution therapy was instituted, so that the quantity of 
fat excreted in the stool was decreased by 63%, and of nitrogen 
by 62%. Clinically, there was a decrease in the frequency and 
ljulk of the stools, gain in Aveight and increased strength. They 
gave a daily dose of 24 gm. of their pancreatic preparation ivhich 
they estimated replaced only about 15% of the normal daily secre- 
tion. 

Whipple and Bauman,® on the contrary, as the result of their 
experience Avith patients in whom the head of the pancreas had been 
resected for carcinoma, concluded that normal fat absorption is 
possible when no pancreatic juice enters the intestine. They reported 
studies in 4 such patients in 1 of whom an autopsy reA'ealed no 
pancreatic communication AA'ith the small intestine. They belieA-ed 
it safe to assume, because of the operative procedures, that their 
other patients also had no pancreatic juice in the intestine, although 
in 1 case they state that the gastric contents showed considerable 
trypsin and some lipase, which they suggest may be the result of a 
compensatory increase in the activity of other glands. HowcA'er, 
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Koskowski and Ivy’s^ work on depancreatized dogs does not support 
this theory. 

We recently had the opportunity of studying the fat, protein, 
calcium and phosphorus absorption in a patient, following resection 
of the head of the pancreas for carcinoma. The total absence of 
pancreatic enzymes following operation was demonstrated by 
examination of the jejunal contents both before and after the 
intravenous injection of secretin. 

Method. The technique of Agren and Lagerlof^ was used to obtain, by 
means of a double lumen tube and constant suction, the contents of the 
upper jejunum uncontaminated by gastric juice. The effects of oral admini- 
stration of 24 gm. a day of a potent pancreatic preparation* were deter- 
mined. We then reduced the dosage to 12 gm. a day, to note the effects of 
a smaller dose. Shortly after this was done a biliary fistula developed and 
bile disappeared from the feces. The study Avas continued, however, in 
order to observe the effectiveness of replacement therapy in the absence of 
bile (period IV). 

Case Report. E. G., a 25-year-old female Avith previous good health, 
Avas admitted bn June 20, 1941, complaining of attacks of epigastric and 
right upper quadrant pain for 1 year, not related to meals and Avithout 
nausea or vomiting. EolloAving the last attack 3 Aveeks previously, she 
developed anorexia, clay-colored stools, dark urine, pruritis confined 
chiefly to the feet, and lost 7 pounds in weight. 

Examination showed jaundice, right-sided abdominal spasm, an enlarged 
liver, and a hard fixed mass 3 cm. in diameter above the umbilicus. 

The icteric index Avas 17 and rose to 30; urinalysis shoAved a slight trace 
of albumin and Avas strongly positive for bile; she Avas slightly anemic, the 
Avhite count and differential Avere normal. The stools Avere at first broAvn, 
later grayish and soft and contained no blood. The blood prothrombin 
level rose from 41% to 85% after an intramuscular injection of vitamin K. 

Laparotomy revealed considerable enlargement of the right lobe of the 
liver, and tremendously dilated gall bladder, cystic and common ducts. 
There Avas a large, hard, nodular groAvth invohdng the head of the pancreas 
and several large lymph nodes AA'ere present along the superior mesenteric 
A^essels. 

The folloAving operations Avere performed in tAvo stages: Ligation of the 
common duct, cholecysto-jej unostomy and jejuno-jejunostomy (end to 
side), Avith biopsy of mass. Posterior gastro-enterostomy Avith resection 
of the first and second portions of the duodenum with entire head of the 
pancreas, and a partial gastrectomy Avere done one month after the first 
operation. 

Histologic examination of the mass removed at operation showed the 
presence of a medullary carcinoma of the pancreas Avith metastases to the 
regional lymph nodes. 

The last operation Avas performed on August 11, 1941. The jaundice 
cleared, but she AA^as uable to regain Aveight in spite of a good appetite, 
and passed 2 or 3 soft, bulky, foul, grajdsh stools daily. On October 16, 
1941 there AA'as a rise in temperature, abdominal pain, and jaundice, and a 
biliary fistula opened in the operatiAm scar. This promptly subsided and 
the jaundice cleared until NoA’^ember 8, 1941, Avhen these sjmiptoms recurred 
and lasted for about 10 days, during Avhich time bile disappeared from the 
stools. These episodes were thought to be due to stagnation of bile in the 
stump of the common duct AA'hich acted as a A’-ah'e to close off the cystic 
duct and thus preA’-ented passage of bile between the gall bladder and the 
jejunum through the operative anastomosis. 

* Holadin, in 5 grain enteric capsules, was supplied by Fairchild Bros. & Foster. 
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Liver function tests remained nonnal. Glucose tolerance tests, both 
oral and intravenous, gave normal curves. 

At the present time, one year following the second operation; the patient 
has begun to complain of symptoms, similar to those at the onset of the 
illness, which indicate the probable recurrence of the carcinoma. 

Methods of Study. Studies of the fecal loss of fat, nitrogen, calcium 
and phosphorus were conducted in 4 periods of 3 or o days each. The 
first 2 periods were control detemrinations without jjancreatic enzyme 
administration. In i)criod III, 24 gm. of jjancreatic extract (Holadin) in 
enteric coated capsules were given daily, 4 gm, before and 4 gm. after each 
meal. In period IV, 12 gm. of Holadin were given daily. On tlie day pre- 
ceding this period the patient became jaundiced and remained so during 
the 5 days of collection. No bile was present in the feces. Carmine red was 
given at the beginning and end of each period to mark the stools which 
were collected quantitatively, dried and analj'zed bj' standard methods for 
fat, nitrogen, calcium and phosphorus. 

Restilis. The results of these studies are summarized in Table I. 
The average daily fecal nitrogen of normal individuals on liberal 
diets does not exceed 2.3 gm. and the average fecal lipid is between 
7 and 10 gm.- The anaij'ses in periods I and 11 without enzyme 
therapy showed a marked loss of nitrogen and fat in the fece.s. 

T.vblb 1.— Efi'ect of F.\s’creatic Ekzymes on Excretion or Fat, Nitrooe.v, 
Caecicm and Pjiosphokus in the Stools 

(Average Daily Excretion in Grams and as Per Cent of Intake) 

Fat N Ca F 
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None 
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49.0 
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4.0 
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None 

132 

70.7 

71 

0,5 

54 

3. 00 

300 

0.05 

63 

lilt 

24 gm. Holadin 

02 

28.2 

28 

2.3 

IGt 

I.O 

300 

0.67 

45 

IVt 

32 gm. Holadin 

90 

44,8 

45 

3.1 

23: 

3.34 

314 

0.74 

50 


* Diet— protein 75 gm., fat 75 gm.. carbohydrate 250 gm. 

t Diet— protein 75 gm., fat 100 gm., carbohydrate 300 gm,. calcium J gm., plio'-phoni'- 1.5 gm, 
t N of Holadin added in intake in computing percentages. 


This loss in period II represents 801 calories a day. When Holadin 
was given this loss was greatly reduced, in the case of nitrogen by 
6.5% and of fat by 60%, a result almost identical xvith that obtained 
by Beazell, Schmidt and (nitrogen 62%, fat 63.3%). The dried 
weight of the feces was decreased by 59%, and an average of 490 
calories a day otherwise lost in the stool was made available. In 
period W, when bile was absent from the intestine and 12 gm. of 
pancreatic extract were given, analysis of the feces showed a loss 
of 45% of the fat intake and 25% of the nitrogen, as against a 
fecal loss of 71 % of fat and 54% of nitrogen in period II when bile 
was present but jianereatic enzymes were not. This indicates that 
in the absence of bile pancreatic lipase is still effective in promoting 
ab.sorption of fat. 

During period III, when pancreatic enzymes were given and 
bile was present, the stools were nornial in appearance and the 
patient felt stronger and gained weight. 

In a second patient with carcinoma of the head of the pancreas 
-successfully treated by rc.scetion of the' pancreas by Dr. W. T>- 
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Andrus, steatorrhea also developed. When 12 gm. of Holadin were 
given to this subject daily the fecal fat loss decreased from 31 to 
21 gm. and the nitrogen excretion from 3.7 to 2.7 gm. per day. 
The total weight and water content of the stools were also decreased. 

Calcium Phosphoms Excretion. In all of the periods the 
fecal excretion of calcium was approximately equal to the dietary 
intake so that the patient must have shown a continued iiegatiA^e 
balance of calcium during this study. The association of increased 
fecal loss of calcium with steatorrhea is well recognized.'"' The lack 
of effect of pancreatic enzyme administration upon intestinal 
absorption of calcium despite the marked improvement in the 
absorption of fat is of interest. Even during period III, in which 
24 gm. of Holadin were given daily, the fecal excretion of fat, although 
diminished, is still abnormally high and may account for the con- 
tinued loss of calcium. A second explanation may be that a deficiency 
of vitamin D existed as the result of long standing steatorrhea and 
was not corrected during the short period in which pancreatic 
enzymes were given. 

The fecal excretion of phosphorus Avas somewhat increased during 
the period in Avhich no treatment was given, and was reduced to 
a more nearlj^ normal value when Holadin was given. 

Vitamin A Absorption. Vitamin A absorption tests were made 
before pancreatic enzyme treatment was started and also with 
treatment. The concentration of vitamin A in the plasma was 
determined by the method of Kimble® in the fasting state and 3 and 
5 hours after the oral administration of 300,000 units of vitamin A. 
The results are shown in Table 2. In normal controls a marked 
rise in the plasma vitamin A is found following the administration 
of the vitamin A concentrate. In the initial test in this patient the 
fasting level is Avithin normal limits. HoweA^er, there is no rise 
folloAving the ingestion of the vitamin A. When pancreatic enzymes 
Avere given, the fasting level AA’-as found to be higher than in the pre- 
treatment period and a gradual increase in the concentration of 
vitamin A in the plasma AA^as found subsequent to the administra- 
tion of Autamin A. The impaired absorption of vitamin A shoAvn by 
this patient is in agreement with the findings of May and McCreary'’’ 
in children Avith pancreatic fibrosis, and AAuth those of Ralli, Pariente, 
Plaum and Waterhouse'^ in depancreatized dogs. 

I'.MU.E 2.— A’'iTAMIN A AnSOTiT'TIOK IN THE UNTREATED STATE AND En[,I.OWINO 

Administration of Pancreatic ISnzymes 
(PlasniR Vitamin A — Mifronrams por 100 cc.) 

I'asliac hoars .") lioais 

Patient — Untreated 4S 4-1 .40 

Patient— Holadin, 24 Rill, a day for 10 day.s 77 S4 94 

Normal females 3S-62 . . 1S9-720 

300,000 units of vitamin A in a concentrated solution in oil given orally following 
drawing of initial blood specimen. 

(These determinations were made by Dr. AA''alter R. Golden of the Department of 
Public Health and Preventive hledicine.) 
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Conclusions. 1. A case of successful resection of the head of the 
pancreas for carcinoma in a woman of 25 years is reported. 

2. The total absence of pancreatic enzymes from the jejunum 
was demonstrated. 

3. A marked loss of fat and nitrogen and an abnormally high 
excretion of calcium in the feces were found. 

4. The fecal loss of protein and fat was markedly diminished 
by oral replacement therapy, but the calcium loss was not materially 
affected during the short period of observation. Clinical improve- 
ment and gain in weight occurred. The defective absorption of 
vitamin A in this patient was also improved during the period of 
pancreatic enzyme therapy. 

5. The findings during a period of obstructive jaundice suggest 
that pancreatic enzymes are active in the absence of bile and are 
relatively more important than bile in the utilization of fat. 
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A NOTE ON THE EVALUATION OF PRIVINE HCL AS A 
NASAL VASOCONSTRICTOR 

By No.vh D. Fabricant, M.D. 

AND 

0. E. VanAlyea, M.D. 

CHICAGO, ILL. 

In the light of recent advances in nasal physiology and the atten- 
dant efforts to improve nasal medication, the introduction of 
Privine IICL as a nasal vasoconstrictor may prove of interest. 
Privine HCL* belongs to a new series of imidazoline derivatives 
recently synthesized and investigated for their biologic effects^ 
f'hemically a 2-naphthyl-methyl imidazoline, it is a crystalline, 
colorless substance, melting at 2,52°-253° C., and is readily soluble 
in either water or saline solution. Privine HCL has the following 
structural formula: 

* Privine HCL was supplied by Ciba Pharmaceutical Products in the form of an 
aqueous, isotonic, buffered solution containing phosphates, chlorides and dextrose 
to preson’c the pH and the isolonicity. 
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More specifically, Privine HCL acts on the peripheral vascular 
bed by vasoconstriction. From the point of view of its use as a 
nasal vasoconstrictor, Privine HCL 0.1% is isotonic and possesses 
a pH 6.2. This is a pH value which approximates the pH of nasal 
secretions in situ in individuals with clinically normal noses. Experi- 
mental studies were undertaken to determine (1) its action on the 
cilia of laboratorj'' animals, (2) its effect on the nasal pH of human 
subjects with acute rhinitides and acute rhino-sinusitis, and (3) its 
clinical effect on the nasal mucous membrane of individuals with 
nasal congestion, acute rhinitis, acute and chronic rhino-sinusitis, 
and allergic rhinitis. 

Method. For the purpose of determining the relationship of this medi- 
cament to ciliary activity, 10 frogs and 4 dogs were employed. Ciliarj'^ 
action was studied in two sites— the bucco-pharyngeal mucous membrane 
of frogs and the tracheal mucous membrane of dogs. After bathing the 
selected sites in Ringer’s solution to wash away blood and mucous secre- 
tions, the effect of Privine HCL on ciliary action was determined by evalu- 
ating the rate at which cilia lining the membrane carried a light object a 
given distance before and after application of a solution of the drug. Con- 
trol tests were undertaken with normal saline, Ringer’s solution, and 
Locke’s solution. A solution of 0.1 _% Privine HCL was found to act favor- 
ably on ciliary activity and at no time appeared to be detrimental to it. 

The relationship of Privine HCL to nasal pH was the subject of 
an investigation involving 10 human subjects. In his book, ‘'The 
Technic of Medication,” Fantus^ asserts that a hydrogen-ion con- 
centration near that normal to the mucous membrane is a matter 
of even greater importance for applications to the mucous mem- 
branes than the matter of isotonicity. Elsewhere, Fabricant^ has 
reported the use of a silver-silver chloride glass electrode in con- 
junction with the Coleman electrometer for the determination of 
nasal pH. This apparatus revealed that the pH of nasal secretions 
in contact with nasal mucous membrane in a clinicallj'^ normal nose 
ranges from approximatelj'^ 5,5 to 6.5. Intranasal instillations of 
Privine HCL 0.1% at no time disturbed the normal, physiologic 
pH values of the individuals observed who had clinicall}’’ normal 
nasal passageways. In those individuals who had a slightly alka- 
line nasal pH, namely those with acute rhinitides and acute rhino- 
sinusitis, instillations of Privine HCL 0.1% reduced the alkaline 
nasal pH to a slightly acid level approximating the normal pH of 
the nose. 

Over a 9 months period 104 human subjects were studied clini- 
cally, besides many others who have received the material occa- 



124 FABRICANT, YAK AL YEA; EVALUATION OF I’KIVINE HCL 


sionally. In order to determine its value as a vasoconstrictor in 
conditions for which this type of medication is customarily pre- 
scribed, the Privine HCL 0.1% solution was tested on individuals 
with nasal congestion, acute rhinitis, acute and chronic rhino-sinus- 
itis, subacute and chronic ethmoiditis, and allergic rhinitis. Tlic 
method of application included the following procedures: instilla- 
tion by means of the displacement method; instillation in the head- 
low posture; instillation into the paranasal sinuses; tampons; sprays; 
applicators; and as nose-drops for home use. 

Of the series of 104 patients, 50 individuals with acute rhinitis 
were observed during the early stages at a time when engorgement 
of the nasal mucous membranes was a dominant sjnnptom. In 25 
of these patients, the medication was instilled into the nasal cavity 
with the patient either in the head-low posture or in the displace- 
ment position. In the remaining 25 individuals, tampons satu- 
rated with the Privine solution were placed in the nose for a period 
(jf 20 minutes while the patient was exposed to an infra-red lamj). 
Displacement therapy was instituted in a grou]) of 25 patients with 
residual rhino-sinusitis following acute nasal infection, chronic 
rhino-sinusitis, and subacute and chronic ethmoiditis. In 15 patients 
the medication was instilled into the maxillary sinus following irri- 
gation, and in the remaining patients of the series, 14 in number, 
the Privine solution was employed both in cases of allergic rhiniti.s 
and during the course of postoperative nasal treatment. 

The Privine HCL solution proved to be an effectii'e nasal vaso- 
constrictor when used in individuals with acute rhinitis. The action 
observed after spraying the nose and during the enumerated methods 
of application is that of decongestion. The nasal mucous membrane 
shrinks satisfactorily and this action e.\'ists for fully as long a time 
as that produced by solutions of ephedrine in physiologic saline. 
On a number of occasions, the shrinking action appeared to last 
longer. Many patients seemed to prefer the Privine HCL to ephed- 
rine and ephedrine-like nasal preparations which they had used for 
home treatment on other occasions. Employed as a displacement 
\-ehicle, the results obtained with Privine HCL were as satisfactory 
as those obtained with ephedrine in physiologic saline. Instillation 
into the paranasal sinuses following irrigation, however, produced no 
apparent changes in the status of the sinus infection. 

When instilled into the nasal cavity, when sprayed or inserted 
as tampons, solutions of Privine HCL 0.1% appeared to be free 
from local mucous membrane side-effects such as tingling, smarting 
and burning. The toxic side-effects sometimes ascribed to over- 
doses of ephedrine in physiologic saline, namely, apprehension, 
insomnia, tremor, cardiac palpitation, urinary retention and skin 
eruptions, were not observed in any of our series of 104 patients. 

Summary. A 0.1% solution of Privine HCL is isotonic and has 
a pi I of 0.2. It is a non-toxic na.sal vasoconstrictor which is not 
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detrimental to ciliary acti^dty, and its pH approximates the normal 
nasal pH of the human being. Its use in rhinologic practice has 
been entirely satisfactory in our hands. 
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THE USE OF HEXENE-OL IN BURNS OF LIMITED AREAS 

By Benjamin Levine, M.D. 

MT. SINAI HOSPITAL, CLEVELAND, OHIO 

(From the Department of Dermatology and Syphilology) 

Hexene-ol (CeHgOH) is a fatty alcohol derived as an oxidization 
product of hydrocarbons and was discovered in the development of 
synthetic rubber. This product is a light brown, semitranslucent, 
solid, fatty, soft substance with a melting point of 75 ° F. It is 
non-irritating and non-toxic. Friction or stirring changes melting 
Hexene-ol from a light brown to a light cream color. On solidifying 
this light cream color will last until the product is melted again. 
Hexene-ol was used both as a stearified substance with 1% zinc 
stearate and in its natural state. The therapeutic results were 
the same with the plain and the stearified Hexene-ol. This study 
comprises the use of Hexene-ol in regional burns and does not include 
burns that produce shock. It was not feasible to make comparative 
studies with other current methods for treatment of burns at this 
time. 

Applied to the normal skin, Hexene-ol produces an increased 
localized perspiration over the area covered. In this respect it 
resembles histamine. The warmer the room temperature, the more 
profuse the localized perspiration becomes; it drips from the medi- 
cated area, even though the surrounding skin ma 3 ^ be comparatively- 
dryL It does not produce hy'^peremia. The increased perspiration 
is caused by'^ direct stimulation of the sudoriferous glands or by- 
stimulation of the symipathetic nerve fibers. The amount of per- 
spiration produced is variable in different individuals, being greater 
in some than in others. 

Prior to the use of tannic acid,^ gentian violeP and other dy-es,- 
and more recently^ sulfadiazine,'’ fatty’-, oily-, greasy- and waxy- sub- 
stances had been in wide use. All of these substances form an 
occlusive dressing and in this manner reduce the pain caused by- a 
burn. Ilexene-ol has an analgesic effect that goes bey-ond the stage 
produced by- mere application of an oily- substance to the burned 
skin. The pain is relieved in from 1 to 15 minutes after the applica- 
tion of ITcxcnc-ol — usually- less than 5 minutes. The healing is 
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unusually rapid and scarring is reduced to a minimum. None of 
the burns became secondarily infected after the application of this 
drug. 

Most of the burns treated with Hexene-ol in this study were 
those sustained in industrial plants. In one plant, 150 burns were 
treated. The patients were maintenance men and foundry men. 
The sources of their burns were hot metal, hot rivets, hot gears, 
hot or boiling water, hot oil, steam pipes, soldering irons, hot solder, 
etc. The majority of the burns were either first degree or first and 
second degree burns. Two of the men had third degree burns— one 
on his foot from a white hot rivet, the other over all of his right 
forearm from a hot gear. The first degree burns cleared up in 24 
to 48 hours. The second degree burns were cured in 5 to 7 days. 
The third degree burns took 14 to 18 days. None of them lost any 
time from their work. In all of these cases, Hexene-ol was applied 
immediately after the burn was sustained. The relief from pain 
was almost immediate— to within 5 minutes from the time of appli- 
cation. The incident of second and third degree burns was con- 
siderably less after the application of this drug than was the case 
when a proprietary burn ointment was used. Hexene-ol prevented 
undue damage to the burned skin, and many burns remained first 
degree that might otherwise have become second degree burns. 
Oil, grease and often grime were removed by the Hexene-ol when 
applied to the burned areas. 

In another industrial plant, 6 maintenance men had 32 burns in a 
period of less than 2 years. Here the causes of the burns were 
steam pipes, hot water, hot solder and soldering irons. These burns 
previously were usually second and third degree in character and 
the burned areas would take 2 to 4 weeks to heal. The men carried 
a jar of Hexene-ol in their work kits. The drug was applied im- 
mediately after the burn was sustained. This invariably prevented 
blistering. Healing occurred in 24 to 48 hours. Here also the 
second degree burns were healed in 5 days to 1 week. One of the 
men slipped and his right arm Avas immersed to the shoulder in a 
vat of hot water kept at a constant temperature of 190° F. Bj' 
the time he had pulled his work shirt off there Avere several blisters 
on the arm and it AA^as red from the shoulder to the fingertips. 
The pain AA'as relieved in less than 5 minutes after application of 
Hexene-ol. He was back at work within | hour. The ne.xt morn- 
ing the erythema AA-as completely gone. The vesicles had healed 
AA'ithin 1 AA'eek. Here also no time AA'as lost from work except | hour 
by 1 man. In this plant, Hexene-ol is now preferred to the other 
burn ointments AA'hich had formerlj* been used. 

The drug AA'as placed in the kitchen of a large restaurant and Avas 
used by the chefs. During the obserA-ation period, 6 of the men 
suffered 8 burns. These Avere obtained from boiling soups, hot 
grease, hot pans and skillets, and in 1 case from a book of safety 
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matches. The majority of the burns were on the hands and fore- 
arms, most of them fairly extensive. In 1 case both forearms were 
involved. Healing of all the burns took place in 3 to 10 days. 
There was no blistering— merely peeling without scar formation. 
In the case of the burn with safety matches, the left thumb and its 
interdigital web were severely burned. The pain stopped in less 
than 1 minute after application of Hexene-ol, and the burn was 
healed in 4 days. At the end of 1 week there was slight peeling only. 

Various burns were treated with Hexene-ol. One of these was 
sustained by a physician who picked up some glass equipment which 
he had constructed and which had been white hot but a few mo- 
ments before. He burned his thumb and several fingers painfully. 
Hexene-ol was applied immediately. The pain was relieved within 
5 minutes. Peeling occurred 1 week later. There Avas no scar. 

Another case was that of a colored woman whose face was splat- 
tered Avith hot grease. The burns were severe enough to cause loss 
of pigment in the burned areas. There Avas complete healing in 
i Aveek. Two patients Avere burned by hot skillet handles, 1 by a 
hot furnace door and another by boiling Avater. The pain in all of 
these Avas relieved Avithin 5 minutes and healing took place in 2 days. 
One woman, while pouring hot molten lead into a mold, spilled 
some of it bn her foot, sustaining a third degree burn. This Avas 
completely healed in 2 Aveeks. Another Avoman sustained first, 
second and third degree burns on the dorsum of her right thumb 
and AATist from a hot flat iron. In this case Hexene-ol AA^as applied 

4 hours after the burn AA^as sustained. Pain Avas relieved in 10 min- 
utes, The first degree burn healed in 24 hours, the second degree 
in 3 days and the third degree in 12 days. She developed a bright 
red papular dermatitis from the drug, AAdiich however cleared up in 

5 days. 

There Avas record of 15 burns treated in the hospital Emergency 
Room. I Avas able to get in contact AAuth 10 of the 15 patients. 
One of these (the sulphuric acid burn) will be reported later under 
“ chemical burns,” Hexene-ol AA’^as applied to these patients 15 min- 
utes to 24 hours after the burns Avere sustained. It took longer to 
relieve the pain in these patients, approximately 10 to 15 minutes, 
and slightly longer to obtain a cure than in those cases in AAdiich 
Hexene-ol Avas applied immediately. Three of them sustained their 
burns from gas exploding in their stoves on ignition, Taa'O Avere first 
degree burns and the third had first and second degree burns. One 
AA'as treated 1 hour after being burned and 1 hour later AA^as back at 
AA-ork. The other AA^as treated 24 hours after being burned. She 
AA'as completely AA'^ell in 2 days. The patient Avith first and second 
degree burns Avas cured in 8 days; there Avere no scars. 

A bus driA’er removed the radiator cap of an overheated motor 
and suffered first and second degree burns on his right hand. These 
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were treated 1 hour later at the hospital Emergency Room. Heal- 
ing was complete in 1 week. 

Three infants were treated for burns. The first, 7 weeks old, had 
first and second degree burns on her right hand, back of scalp and 
interscapular region. The pain was reliev^ed within 15 minutes. 
Healing was complete in 10 days. The second was a 10 months old 
infant who received first and second degree burns on his left cheek, 
right arm and chest from hot coffee. The pain w'as relieved in 
15 minutes. There was peeling 1 w'eek later and the burns healed 
leaving no visible scars. The third infant, 14 months old, was 
badR burned by hot fat spilled from a skillet. He received first and ' 
second degree burns on his scalp, face, right arm and hand. The 
vesicles were then ruptured and Hexene-ol was applied. The pain 
was relieved in 15 minutes. Two days later he was out of doors' 
playing. He was cured in 9 daj^s. Later he had no visible scarring. 

A colored porter who tripped and fell while carrying a pail full 
of boiling water sustained first and second degree burns of his left 
arm and hand. Pain was relieved in 10 minutes after application of 
Hexene-ol. There was no visible scarring left in 2 weeks. 

The last of the patients treated in the hospital Emergency Room 
sustained first and second degree burns on both hands and wrists 
and also his face from a blow torch e.xplosion. He first applied a 
well-known proprietary burn remedy. When he had had no relief 
from the pain 1| hours later, he came to the hospital for treatment. 
Ten minutes after the application of Hexene-ol the pain was gone. 
He returned to his work. One week later he removed the bandages. 
I'here are no visible scars left. 

It was thought inadvisable to treat extensive and severe burns 
with Hexene-ol since the drug produces localized perspiration, and 
it was not known how much body fluid loss might occur. However, 
2 patients with extensive burns were partially treated with the drug. 
The first of these patients was a young man who fell into a vat of 
boiling dye. He had first and second degree burns of face, shoulders, 
arms and legs. The first degree burns were treated with Hexene-ol. 
These cleared up in 2 days. The second degree burns were treated 
with alternate spraying of tannic acid and silver nitrate. Eventually 
this coagulum had to be removed because of infection under it. 

The second patient was a negro who received second and third 
degree burns from the explosion of a blow torch. The burns involved 
his face, both arms and the left thigh. Hexene-ol was applied to 
his face and right arm, which had second and third degree burns, 
'fhe left arm and thigh had third degree burns and were treated witli 
frequent and alternate spraying with tannic acid and silver nitrate. 
The face and right arm were healed in 2 weeks. The left arm and 
leg had eventually to be skin-grafted. Since the burns of the left 
arm and leg were more severe than the right arm and the face, fair 
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comparison cannot be made. However, the case does show the 
efficacj^ of Hexene-ol in burns. 

There was a third patient in the hospital who had sustained a 
third degree burn, 5 cm. in diameter over the right iliac spine. 
This was obtained from a hot water bottle 3 days prior to admission 
to the hospital for treatment of renal calculi. Hexene-ol was applied 
1 week after admission to the hospital, when other remedies had 
failed to promote anj^ healing. The burn was healed 8 days later. 
The subsequent scar looks more like vitiligo than like a scar due 
to a burn. 

Chemical Burns. Two patients burned with sulphuric acid were 
treated with Hexene-ol. One of them had his face splattered ivith 
boiling sulphuric acid. The acid was washed .off with water and he 
was treated with Hexene-ol 15 minutes later in the hospital Emer- 
gency Room. The pain was relieved in 10 minutes and the lesions 
peeled for 10 days. No visible scars were left. The other patient 
was a boy of 13. He was riding home on his bicycle with a bottle 
of sulphuric acid in his pocket; the stopper came out and the acid 
spilled, burning his leg from groin to knee. The acid was washed 
off with water and Hexene-ol was applied. Within 4 days an 
ulcerated area by 10 cm. was left on the anterior surface of the 
thigh. The rest had healed. The ulcer was healed in 3 weeks, 
leaving a smooth, soft, flexible scar that 1 year later is scarcely 
visible. 

There was 1 burn from caustic soda that was healed in 24 hours. 
Another burn from hot resin was healed in 2 days. There also 
was a burn from glacial acetic acid which was present for 3 hours 
before being detected. This was cured in 3 days. 

Burns From Carbon Dioxide Ice. I treated 2 infants, 7 and 
9 months of age, who had cavernous vascular nevi, with CO 2 ice. 
Thirty seconds of light pressure produced vesiculation on each 
of these infants. Then each of them had 3 more applications of 
CO 2 ice, using light to moderate pressure 30 seconds, as in the 
first instance, but immediately after the treatment with CO 2 ice, 
Hexene-ol was applied. The mothers were instructed to continue to 
apply Hexene-ol twice a day. This completely prevented A^esicula- 
tion. The burned areas peeled for 1 week to 10 days. There was 
no subsequent pain or restlessness on the part of the child. The 
cosmetie results were very good. However, in the case of an 
adult who had numerous lesions of senile keratosis on both hands, 
Hexene-ol did not pre^"ent vesiculation when CO 2 ice was applied 
with firm pressure for 60 seconds, but there was no pain and the 
lesions healed in 10 days. 

One patient had a wart 8 mm. in diameter remoi'ed by short wave 
cautery. The resultant ulcer healed in 10 days with application 
of Hexene-ol. This patient developed a dermatitis from the drug, 
which was cleared up in 3 days. 
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Sunhirn. The results obtained by using Hexene-ol in sunburn 
were very satisfactory. A total of 14 patients were treated for this 
type of burn. One of the patients was burned through over- 
exposure to an ultra-violet lamp. Most of them ivere severely 
burned, over two-thirds of the body surface being involved. Several 
of them had vesiculation. The pain and burning sensation were 
relieved in 10 minutes after application of Hexene-ol. Two of the 
patients did not use the drug until 2 days after they were sunburned. 
Both were bedridden, 1 with crusted lesions on his back from rup- 
tured vesicles. Both had used proprietary and semiproprietary 
burn remedies without results. Both had complete relief in 10 min- 
utes and resumed their v'ork the next day. The skin of the patients 
with the vesiculated lesions took 1 week to return to normal. The 
others took 2 to 4 days. One patient used Hexene-ol as a preventa- 
tive against sunburn. Since his skin never tanned, but always 
became a bright, fiery red on exposure to the sun, he had to limit 
the time spent bathing at southern beaches to very brief periods. 
By applying Hexene-ol before going to the beach, he was able to 
spend a greater part of the day there without any ill-effects. 

Summary and Conclusions. A series of 238 burns treated with a 
new drug, Hexene-ol, was observed and reported. Included were 
14 cases of sunburn, 6 chemical burns, 8 carbon dioxide ice burns 
and 1 burn from a short v'ave cautery. 

It was found that (1) B’’hen Hexene-ol was applied soon after the 
burn was sustained, vesiculation was prevented; (2) the relief from 
pain ivas prompt and lasting, although the drug does not produce a 
local anesthesia; (3) the healing was rapid and compared favorably 
with any preparation used by us in the treatment of burns; (4) 
secondary infection was prevented; (5) the ineident of irritation 
from the drug was moderate, being less than 1 % in this series. 

Hexene-ol is particularly recommended for burns of limited areas, 
especially those incurred in industry and household. In our experi- 
ence it is the best medicament to use in these cases. It is also of 
value in sunburn. Further investigation must be undertaken before 
its value can be determined in extensive burns accompanied by 
shock. 
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Hemolytic Syndromes. By William Dameshek, M.D., Tibor J. Green- 
WALT, M.D., Russell J. Tat, M.D., and Camille Dreyfus, M.D. A 
reprint of an exhibit sponsored by the New England Medical Center, 
Boston, Mass. Presented at the 1942 Convention of the American Medi- 
cal Association, Atlantic City, June, 1942. Awarded Certificate of Merit 
for correlation and presentation of facts. Pp. 45. Privately printed. 
Price, $1.50. 

This is a graphic reprint of the authors’ exhibit at the A. M. A. convention 
last June, which well deserved its award of a Certificate of Merit among the 
exhibits correlating the facts of medicine and science. With the present maga- 
zine and newspaper training of the public in the rapid appreciation of a 
topic through the medium of graphic presentation, a publication of this kind 
should be useful in leading to a better comprehension of this rapidly develop- 
ing field of hematology bj'’ many of our profession who are repelled by the 
less efficient “selling methods” of scientific textbooks and journal articles. 

Some 40'Odd graphs and lists are offered, illustrating the various types of 
hemolytic anemias and their mechanisms. This g:roup, that has studied 
and written extensively on this subject, can speak with authority. We fear, 
however, that some of the new categories set up will not only prove confus- 
ing but may not all -stand the test of time. Also, one more page, by way of 
introduction, would have improved what is obviously an excellent product, 
that Ave are very glad to have for reference and instruction. E. K. 


A Handbook op Allergy for Studies and Practitioners. Bj'^ Wynd- 
HAM B. Blanton, M.A., M.D., Litt.D., Professor of Clinical Medicine 
and Chief of the Immunology Clinic, O.P.D., Medical College of Virginia, 
Richmond, Va. Pp. 182; 20 illustrations. Springfield, 111.: Charles C 
Thomas, 1942. Price, $3.00. 

The object of this brief volume is stated to be the assembling of material, 
representing a condensation of the subject of allergy as taught and practised 
today, to meet the needs of busy students and busier practitioners of medi- 
cine. This alone is noteworthy. 

The introductory chapter on “The Fundamentals of AUergj'-” presents 
the principal theories of the allergic concept, important definitions, a brief 
historical sketch, influence of heredity, incidence, and a brief description of 
the management of the allergic patient. Subsequent chapters proceed in 
logical sequence and in more detail to discussions of the causes of allergj^ 
(inciting agents), resulting manifestations, with particular emphasis on the 
more common S 3 Tnptom complexes, and suggestions as to therapeutic 
approach and prognosis. 

In general the subject matter is weU presented, concise, and to the point, 
with a minimum of theoretical discussion. However, the chapter on 
“pastrointestinal and Other Allergies” is rather too brief and sketch 5 ’- in 
view of recent ad^'-ances. Genitourinarj’- allerg}'-, particularty, is summarih' 
disrnissed with a brief description of possible sjunptomatologj’- and the sug- 
gestion that foods of proven etiologic significance must be avoided. 

Praise must be forthcoming for the useful bits of information contained 
in the “Appendix,” Avherein one finds instruction as to the preparation and 
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maintenance of a dust-free room, suggestions as to the avoidance of anti- 
genic common foods, valuable recipes, and other practical hints. 

This handbook should prove one of the most useful and practical thus 
far presented in the field of allergy. It is recommended. 

M. M. 


Sulfanilamide and Related Compounds in General Practice. By 
Wesley W. Spink, M.D., F.A.C.P., Associate Professor of Medicine, 
University of Minnesota, Medical School. Second Edition. Pp, 374. 
Chicago, 111.: The Year Book Publishers, Inc., 1942. Price, S3.00. 
This book is a broad review of the subject of sulfonamide therapy with 
particular respect to the practical considerations involved in its use in 
medical and surgical infections. The author is to be congratulated on the 
timeliness of this second edition, which includes exten.sive consideration of 
sulfadiazine, the compound most recently to have found a place in general 
use. In the text the author makes only passing references to experimental 
studies, but interprets the results of these studies in terms of practical 
therapy. There is a comprehensive bibliography at the end of the book 
which should sen'e as a useful guide to the literature up to June, 1942. 
The book covers quite adequately the subject matter implied in the title 
and is certain to be a useful addition to the library of general practitioners 
and medical students. Individuals desirous of thorough acquaintance with 
the use of sulfonamides in specialized fields of practice will be able to use 
the bibliography as a guide to the current literature. J. L, 


Shock, Its Dynamics, Occurrence and Management. By Virgil H. 

Moon, A.B., M.Sc., M.D., Professor of Pathology, Jefferson Medical 

College, Philadelphia. Pp. 324 ; 36 engrawngs. Philadelphia: Lea & 

Febiger, 1942. Price, S4.50. 

In this book Dr, Moon has condensed the material incorporated in his 
first work on shock and has added a second part on the prevention, recogni- 
tion and management of this condition. As in his earlier work, he has 
given an admirable concise account of the capillaries as they are affected 
by physiologic and pathologic conditions. To his former definition of 
shock as “a disturbance of fluid balance resulting in a peripheral circulator}' 
deficiency which is manifested by a decreased volume of blood, reduced 
volume flow, and by progressive hemoconcentration,” he has added “and 
by renal functional deficiency.” One may be impelled to ask “and why not 
by functional deficiency in other organs as well, such as, for example, the 
liver?” 

Dr. Moon is a strong advocate of the “traumatic toxemia” theory of the 
etiolog}' of shock and it is therefore not surprising that a major portion of 
the first part of the book is devoted to an exposition of this concept. To 
the Reviewer it seems that too little attention is given to the significance of 
loss of blood and plasma at the site of injurj' and the reduced circulation 
which re.sults from neiwous reflexes. 

The second part of the book is devoted to considerations of a practical 
nature. The author’s %'iewpoint is strikingly displayed when he states “no 
factor in the prevention of shock exceeds in magnitude of importance the 
prevention of absorption. This statement has been considered thoughtfully 
and it is no e.xaggeration.” This point of idew is an interesting one, although 
it probably is not shared by the majority of those who have devoted them- 
selves to tlie study and treatment of this condition. 
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In regard to the criteria of shock, Dr. Moon points out well that a fall 
in blood pressure is not useful as an early sign of oncoming shock. He 
maintains that hemoconcentration is the most valuable criterion. Only 
passing mention is made, however, of cyanosis, cold extremities or sweating. 
The final chapter is devoted to the use of blood, plasma and blood sub- 
stitutes. 

The volume is well printed, has an excellent index and a bibliography of 
over 400 references. N. F. 


Diseases and Injuries of the Larynx. By Chevalier Jackson, M.D., 
Sc.D., LL.D., F.A.C.S., Honorary Professor of Broncho-esophagology, 
Temple University, Philadelphia, and Chevalier L. Jackson, A.B., 
M.D., M.Sc. (Med.), F.A.C.S., Professor of Broncho-esophagology, 
Temple University. Second Edition. Pp, 633; over 200 illustrations, 
including 11 plates in color. New York: The Macmillan Company, 
1942. Price, S8.00. 

The student or practitioner who wishes detailed information relative to 
all conditions affecting the larynx will find this data in this book. The text 
and illustrations are of the usual high standard found in all Jackson pub- 
lications. ' K. H. 


How TO Live in the Tropics. By Virginia Lloyd Hunt. Pp. 178, 
many tables. New York: Harcourt, Brace & Co., 1942. Price, $2.00. 
This handbook for travelers and prospective residents in the tropics is 
largely a re-hash of other publications, half understood and uncritically 
accepted by the author. It deals superficially with every imaginative 
phase of traveling and living in health and in sickness, ivith just enough 
application to the special conditions imposed by the tropics to justify its 
title. The most helpful part of the book is the bibliography. 

E. W. 


Fluorine and Dental Health. Edited by Forest Hay Moulton; 
Publication No. 19; pp. 101, many figures and charts. Washington, 
D. C.: American Association for the Advancement of Science, Smith- 
sonian Institute, 1942. Price, $3.00. 

Because of the widespread and increasing interest in the subject matter 
of this monograph, its appearance is most timely. The ground covered is 
indicated by the table of contents: Mottled Enamel: Earlj'^ History and 
Its Unique Features (Frederick S. McKay); Geographical Distribution of 
Endemic Dental Fluorosis (Mottled Enamel) (H. Trendley Dean); The 
Chemistry of Fluorine as Related to Fluorosis (H. V. Smith) ; The Investi- 
gation of Physiological Method (H. Trendlej'’ Dean) ; Experimental Dental 
Fluorosis (Isaac Schour and Margaret Cammack Smith); Removing the 
Stain from Mottled Enamel (Harold B. Younger); Review of the Dental 
Fluorosis Studies at the University of Minnesota (Wallace D. Annstrong); 
Fluorine and Dental Caries with Special Reference to L. acidophilus (Philip 
Jay); R4sum4 of the Fluorine-Caries Relationship (Gerald J. Cox and 
Margaret Matuschak Leidn) ; Fluorosis Studies at the University of Roches- 
ter (Joseph F. Volker); and Mottled Enamel from the Standpoint of the 
Public Health Dentist (including the relation of fluorine to dental caries in 
Illinois) (Charles F. Deatherage). 

The significance of these studies is twofold. First, the etiologic relation- 
ship of fluorine to mottled enamel, when present, particular!}^ in drinking 
water in excess of a certain critical level, presents a problem which can be 
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met only bj" public health methods. (The general practitioner of dentistrj’, 
however, vill be interested in the chapter by Dr. Younger.) Second, the 
possibUity that by the suitable application of soluble fluorides it will be 
possible to control or prevent dental caries, at once awakens and holds the 
interest of all those engaged in combating this most common of all diseases. 

The book is well edited, illustrated and printed, and the format is grati- 
fying. _ Unfortunately, no index is present. 

Ah in all, this is a book of which dentists may well be proud and which 
can be heartily recommended to all dentists and to public health workers 
interested in dental problems. J. A. 


Medical Progress Annual. Vol. Ill, 1942. A Series of 52 Eeports on 
the Recent Accepted Advances in Diagnosis and Treatment Published 
During 1941 in the New England Journal of Medicine. Managing Edi- 
tor, Robert N. Nye, M.D. Pp. 678. Springfield, III.; Charles C 
Thomas, 1942. Price, S5.00. 

This volume follows along the lines of its predecessors in its inclusion of 
52 different topics of general medical interest. The variety of subjects is 
great, including, in addition to many related topics under general medicine 
and some on general surgery, various odds and ends, such as Aviation 
Medicine, Dermatology, Anesthesia, Radiation Therapy in Gynecology. 
Medical Aspects of Obstetrics, Neurosurgery, Surgery of the Sympathetic 
System and War Medicine. Quite a long list, designed to apply to a variety 
of tastes. 

For the most part the articles are of sufficient length to give the important 
features of the subject considered, and each one has a list of references, 
allouing for more detailed study, if desired. Shorter rerdews of this sort 
have a deWte value, differing from the longer, more comprehensive ones 
that appear. H. M. 


The Pleuho-sxibpleural Zone. By J. Skladal, Reader in General and 
Experimental Patholog}'’, Caroline University, Prague; Head of the Chest 
Department, Bulovka Hospital, of the City of Prague; Consulting Physi- 
cian, the Masaiy, Institute for Treatment of Lupus, Prague-Motol. 
Pp. 103; 11 plates. Cambridge; The University Press; New York; 
The Macmillan Company, 1942. Price, S2.75. 

This is an excellent little monograph of 100 pages by a leading Czecho- 
slovakian ph 3 'sician now a refugee in England. It is concerned with the 
pathologj'- and diagnosis of disease localized to the pleura and adjacent shell 
of lung 2 cm. or so in thickness. The author believes that respirator}' 
infections often consist of inflaramatorj' changes in this zone which will be 
entirely overlooked unless special methods are used to detect them. Inas- 
much as incipient tuberculosis may first be manifest by a so-called cortico- 
pleuritis, accurate examination of this outer portion of the lungs is essential. 

Diagnosis is considered under two headings, physical and radiologic. 
Dr. SMadal describes a new method of auscultation, that of examining the 
patient after sudden forced expiration, as a specific means of detecting 
disease in the pleuro-subpleural zone. The mechanics of forced expiration 
are similar to those existing after cough, without the side effects of violent 
muscular actmtj'. YTien even a thin strip of puhnonaiy’ consolidation 
exists beneath the pleura, sudden forced expiration results in an audible 
reduplication of the expiratorj' sound. This peculiar phenomena has been 
traced to secondaiy' eddies in the air column at the rima glottis, which are 
buffered by air containing alveoli, but transmitted to the thoracic surface 
as a faint sound immediately following the usual sound of expiration, when 
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even a small strip of peripheral pulmonary tissue is consolidated. B}”- the 
same mechanism, after sudden forced expiration, very fine postexpiratorj’- 
showers of rales may be heard where consolidation in this subpleural zone 
is breaking down. 

The radiographic appearance of disease in the corticopleural zone of the 
lungs varies from well-defined clouding of large portions of the lung fields, 
usually upper half, to a very faint, diffuse veiling of the lung fields that 
is easily overlooked. Indeed, while a well-developed corticopleurisy may 
show both the typical auscultatory phenomenon of the reduplicated expira- 
tory sound, and the clouding in the roentgenogram of the lungs which the 
author refers to as “sugar icing on cakes,” it is perfectly possible for disease 
in the outer zone of the lungs to exist with only one of these criteria fulfilled. 
The physical examination and the radiographic study thus become comple- 
mentary rather than supplementary, one to the other. While this is true 
in all lung pathology, it is especially so where only the outer layer of lung 
and pleura are affected. 

This little book will receive some criticism from the English or American 
reader because of its style. Even though written directly in English it often 
reads like a rather literal translation from the German. Many words and 
phrases will be found to have an odd relation to their context, and this may 
prove somewhat disturbing to the casual observer. In addition, there are 
many unnecessary repetitions and the entire effect is that of rendering a 
simple exposition in a somewhat involved and redundant manner. Be that 
as it may, the author’s contribution is a valuable one and should be read by 
all students of chest disease. B. B. 


Ceylon, Exorzismus und Heilkunde. By Paul Wibz. Pp. 292; 56 fig- 
ures and 87 plates. Bern, Switzerland: Verlag Hans Huber, 1941. 
Price, 18 Swiss francs. 

During a 5-year stay in Ceylon, the author had opportunity to learn at 
first hand, by word of mouth, and by observation, the medical ceremonies 
and exorcisms of an ancient people, the Singhalese, who have lived un- 
changed for 5 centuries under the dominance of three different powers. 
Though by no means a primitive people, they appear to be as completely 
under the sway of unseen powers and demonic enemies as any barbarous 
tribe, but differ in possessing a highly developed system of magic, exorcisms 
and astrologic wisdom, largely committed to writing. 

The book is well illustrated and obviously prepared with care and erudi- 
tion. It wll be of more value to students of ethnology and folklore than 
to medical historians, though the latter will also turn to it with profit if 
working in this field. The text will not appeal to the casual reader. 

E. K. 


A Manual of Experimental Embryology. By Viktor Hamburger, 
Department of Zoologj’-, Washington University, St. Louis, Mo. Pp. 213. 
Chicago, 111.: Chicago University Press, 1942. Price, S2.50. 

The author of this manual was associated for man 3 ’’ years vdth one of 
the most outstanding modern experimental embrj'-ologists. Prof. Hans 
Spemann. The directions, therefore, especially those used in amphibian 
material and chick material, are based upon long-effective experience. 
The procedures of technique are well illustrated and explained, and have 
been used for a number of years in the author’s classes, containing graduates 
and undergi'aduates. The students are oriented in each experiment b}’’ a 
discussion of the significance of the e.\periment, a very helpful asset. 

Parts I and V cover equipment and instruments, sources and care of 
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animals, a long list of experiments on amphibia, chick regeneration and the 
gradient theorJ^ A bibliography follows each division and subdivision of 
experiments. A plan is also submitted for a one-semester course, and the 
book is well indexed. An Appendix contains reports of Harrison’s well- 
known .^ibl}"stoma, Pollister and Aloore's Rana silvanica and Shumway’s 
Rana pipiens stages. C. P. 


The Hormones in Hu-man Reproduction. By George W. Corner, 
M.D. Pp. 265; 32 figures, 24 plates. Princeton, N. J.: Princeton Uni- 
versity Pre.'^s, 1942. Price, S2.75. 

This is an elaboration of lectures delivered at Princeton Universit}'' to a 
general audience. Three chapters are devoted to explanations of anatomy 
and physiologj'" for those who are unfamiliar with cellular biologJ^ The 
subject matter, however, is sufficiently technical to be of interest to the 
trained scientist; and the phj'sician ivho is not a laboratory investigator 
should find it useful as a lucid description of research endocrinologJ^ He 
will also gain from it many interesting facts in comparative phs^siology, and 
obtain historical perspective of the development of our knowledge of sex 
hormones. 

The manner of presentation is very' pleasing, almost colloquial, yet digni- 
fied. The illustrations are simple and effective. Often the text is enlivened 
by accounts of the drama of research. Altogether it is an unusually suc- 
cessful presentation of scientific intricacies to a lay audience, without 
sacrificing accuracyr I- Z, 


Changes in the Knee Joint at Various Ages. By GRANnLEE A. Ben- 
nett, M.D., A.«sociate Professor of Pathology', Hanmrd Medical School; 
Hans Waine, M.D., Research Fellow in Medicine, Hanmrd Medical 
School; Graduate Assistant in Medicine, Massachusetts General Hospital; 
and Walter Bauer, M.D., Associate Professor in Medicine, Harvard 
Medical School; Phy'sician to the Massachusetts General Hospital; 
Director, Robert W. Lovett Memorial Foundation for the Study' of 
Crippling Diseases. Pp. 125; 31 plates. New York; The Common- 
wealth Fund, 1942. Price, S2.50. 

This is an interesting and stimulating book on the development of degen- 
erative joint disease. The authors studied the knee joints of 63 individuals, 
ranging in age from 1 month to 90 y'ears, obtaining their specimens by post- 
mortem or following amputation, and no joint abnormalities had been 
obsen'ed previously' on phy'sical e.xamination. The authors give a careful 
description of the anatomic changes that were found in these knees by 
decades, and feel that in every' subject beyond the age of 15 some degenera- 
tion of the joint was obsen'able. The bone changes affected aU of the 
articulating surfaces, especially' the patella, and were demonstrated by a 
dulling of the articular cartilages, fibrillation, \'isible fissures with roughen- 
ing, fray'ing or splitting of the surface or more severe and extensive change.^ 
of the liony', cartilaginous and fibrocartilaginous joint components, while 
change.^ in the .synovial membrane were consistently' less advanced. The 
gros-sly visible alterations throughout the sy'novial membranes were rela- 
tively' slight, and occurred during the later decades. 

As the degenerative process advanced, gro.ssly' visible marginal prolifera- 
tions are described as due to certain definite structural and functional 
charncteri.stic.s of the border zones between articular cartilage and synovial 
lining tissue. 

The authors think that an infectious cause of degenerative joint di.=easc 
is entirely lacking, and that the highly important advanced age factor ha' 
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not been taken sufficiently into consideration, advancing age being the most 
constantly observed single factor. 

They conclude that there are two fundamental considerations applicable 
to every example of degenerative joint disease: “ One is the disadvantageous 
biological position of articular cartilage when subjected to injury and the 
other concerns the effect of mechanical stress and strain incident to joint 
function upon a tissue whose specific means of resistance to such use has 
been depleted. Further investigtion in a degenerative joint process should 
be a combination of microscopic observation with histo-chemical methods 
and studies in tissue metabolism.” P. C. 


Mental Illness: A Guide for the Family. By Edith M. Stern with 

the collaboration of Samuel W. Hamilton, M.D. Pp. 134. New York: 

The Commomvealth Fund, 1942. Price, Sl.OO. 

The aim of this much needed book is set by the Dedication: “To the 
thousands of anxious men and women who have mentally ill relatives, in 
the hope that they will find some comfort and practical guidance in these 
liages.” Written by one of the laity, for whom the point of view of the 
family and the patient is more easity preserved than for the professional, 
whether the specialist or the distracted general practitioner, this book will 
do much to guide through a harassing experience, which unfortunately is 
said sooner or later to strike one family in five in this country. When intelli- 
gently read and reread, it should save much unnecessary suffering for those 
concerned. Its 18 short chapters consider the proper attitude toward men- 
tal illness of all kinds, explain the why and wherefore of the ph 5 'sician’s 
advice, why hospitalize if this should be necessary, what will happen there, 
and what should be done Avhen the patient is discharged (as happens to the 
vast majority). 

Executed Avith the customar}'- excellence of CommonAvealth Fund pro- 
duction, this concise booklet Avill be of great service to all A\dio have to cope 
Avith the problems of mental illness, and an inestimable boon to the families 
of this much misunderstood class of patients. E. K. 


An Introduction to Materia Medica and Pharmacology. B}’- Hugh 
Alister McGuigan, Ph.D., M.D., Professor of Materia Medica, Phar- 
macologj’’ and Therapeutics, University of Illinois, College of Medicine, 
Chicago, and Elsie E. Krug, B.S., R.N., Science Instructor, St. Mary’s 
School of Nursing, Rochester, Minn. Third Edition. Pp. 779; 46 illus- 
trations and 37 color plates. St. Louis: C. V. Mosbj’- Company, 1942. 
Price, 83.50. 

This text is designed for nurses, being a reAnsion of Brodie’s “Materia 
Medica for Nurses.” The first portion, dealing Avith pharmacj'', Aveights 
and measures, administration of medicines and dosage, is Avell presented 
and A’^aluable for the student or graduate nurse. The remainder of the book 
is devoted to the pharmacologj'^ of special systems (nerAmus, autonomic 
nervous, digestiA-^e, circulatoiy systems, etc.). These 550 pages are too 
much and yet too little: too much because there is scarce! j’’ room in the 
nursing curriculum for the details presented, and too little because more 
time might be spent profitably upon the experimental methods of phanna- 
colo^’’, the Avays in A\diich drugs modif}’- physiologic processes and the special 
significance of drug actions to nurses. 

The book contains man}" fine illustrations; hoAvcA^er, 23 of the 37 color 
plates portray plants from AA'hich drugs are derived .and, though time- 
honored illustrations, seem to haA"e little place in this book. J. C. 
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The Beitish Encyceopa!Dia op Medical Practice. A. General Srirvey, 
Dntgs, and Critical Abstracts. 1941-42. Under the General Eciitonshin 
of Sir Humphrv Kolleston, B.T,. G.C.V.O., K.C.B., M.D., D.Sc., 
D.C.L., LL.D., Emeritus Regius Professor of Physic, Cambridge; Some- 
time President of the Royal College of Physicians of London. Pp. 482. 
B. Cumtdalive Supplemeni. 1941-42. Under the Editorship of Sir 
Humphry Rolleston. Pp. 289. London: Buttenvorth & Co., Ltd., 
1942. Price, SIO.OO (U. S. A. funds). 

The general plan of this annual encyclopedia is similar to that of previous 
volumes. The first volume is “divided into 3 parts, which contain respec- 
tivelj’’ a series of critical surveys of various branches of Medicine, a section 
dealing with new developments in drugs, and abstracts from current medical 
publications ” Although it is considerably reduced in size from pre- 

war volumes, it contains the same excellent type of material. The Critical 
Surveys “ consist of a series of authoritative, signed reviews dealing in general 
terms vdth the present position of some branches of medical science and 
jiractice, and indicating the possible future developments in these . . . .” 
In the Drugs section, “new drugs, or modifications of old drugs, are dis- 
cussed from their therapeutical and pharmacological aspects . . . .” In 
the Abstracts of medical literature are brought together “the essentials of 
a large number of papers published throughout the year ending June 30, 
1941, by British, American, and other authors. As a result of the wide 
extent of the War, the outjjut of European journals and other medical 

publications has greatly diminished ” The topics, never occupying 

more than a few pages, are conveniently arranged alphabetically, with the 
name in bold-faced type. Unfortunately, many are not up to date. 

The Cumulative Supplement, which is the second volume of the pair for 
1941-42, brings up-to-date the matter contained in the parent volumes. 
In this, also, the various topics are considered in alphabetical order; the 
name in bold-faced t 3 '^pe, making them easily and quickly found. 


NEW BOOKS 

The Hormones in Human Reproduction. By George W. Corner, M.D. 
Pp. 265; 32 figures, 24 plates. Princeton, N. J.: Princeton University 
Press, 1942. Price, S2.75. 

Diseases of the Liver, Gallbladder and Bile Duct. By S. S. Lichtm-AN, M.D., 
F.A.C.P., Adjunct Physician, Mount Sinai Hospital; Assistant in Post- 
Graduate Medical Instruction, University Extension, Columbia Univer- 
sity. Pp. 906; 122 engravings and a colored plate. Philadelphia: Lea 
& Febiger, 1942. Price, 811.00. 

Chemistry and Physiology of the Vitamins. By Hans R. Rosenberg, Sc,D. 
Pp. 674; many figures and tables. New York: Interscience Publishers, 
Inc., 1942. Price, 812.00. 

Clinical Anesthesia. A Manual of Clinical *■ “ — Bj’^ John S. 

Lu.\'dy, B. A., M.D., Head of Section on . Clinic; Pro- 

fessor of Anesthesia, jMayo Foundation for Medical Education and 
Research, Graduate School, University of Minnesota; Diplomate and 
Member of the American Board of Anesthesiology, Inc. ; Member of die 
Subcommittee on Anesthesia, National Research Council. Pp. 771; 
266 illustrations. Philadelphia: W. B. Saunders Company, 1942. 
Price, 89.00. 

My Self, My Thinking, MyThoitghfs. By K. W. Mons.arrant. - Pp.'140; 
a few figures. London: 'University Press of Liverpool, Hodder A' 
Stoughton, 1942. Price, 7/6 net. 
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Hemolytic Syndromes. By William Dameshek, M.D., Tibok J. Green- 
WALT, M.D., Bussell J. Tat, M.D., and Camille Dreyfus, M.D. A 
reprint of an exhibit sponsored by the New England Medical Center, 
Boston, Mass. Presented at the 1942 Convention of the American Medi- 
cal Association, Atlantic City, June, 1942. Awarded Certificate of Merit 
for Correlation and Presentation of Facts. Pp. 45. Privately printed. 
Price, S1.60. (See Beivew, p. 131.) 

Nasal Medication. A Practical Guide. By Noah D. Fabricant, M.D., 
M.S., Associate in Laryngology, Bhinologj’- and Otology, University of 
Illinois, College of Medicine. Pp. 122; 20 figures. Baltimore: The 
Williams & Wilkins Company, 1942. Price, $2.50. 

Handbook of the Lying-In Hospital. Woman’s Clinic of the New York 
Hospital, 530 East 70th St., New York. Pp. 158. New York: Cornell 
Medical College Book Store, 1300 York Ave., 1942. Price, $2.00. 

This summary of instructions to medical students and interns includes: (1) 
Organization and duties of the house staff. (2) Organization of the out-patient 
department. (3) Social service. (4) Admission routine. (5) Routine for delivery 
and operating rooms. (6) Blood transfusions. (7) Routine laboratory tests. 
(8) Diets. (9) Analgesia and anesthesia. (10) Managment of complications of 
pregnancy. (11) Routine and clinical application of various procedures. 

The Editor, Dr. A. A. Marchetti, is to be complimented upon both contents 
and form, which includes excellent paragraph headings, and numbering of most of 
the lesser paragraphs, all making for ready reference. The book is recommended 
to obstetricians and gynecologists interested in the organization of departments 
of obstetrics and gynecology. D. M. 

Love Against Hate. By Karl Menninger, M.D., with the collaboration of 
Jeanette Lyle Menninger. Pp. 311. New York: Harcourt, Brace 
& Co., 1942. Price, $3.50. 

First Aid. Surgical and Medical. An Advanced Guide. Bj’- Warren 
H. Cole, M.D., F.A.C.S., Professor and Head of the Department of 
Surgery, University of Illinois College of Medicine; Director of Surgical 
Service, Illinois Besearch and Educational Hospitals, Chicago; and 
Charles B. Puestow, B.S., M.S., M.D., Ph.D., F.A.C.S., Associate Pro- 
fessor of Surgery, University of Illinois College of Medicine and Graduate 
School; Surgeon, Illinois Besearch and Educational Hospitals; Senior 
Surgeon, Henrotin Hospital; Consulting Surgeon, Municipal Contagious 
Disease Hospital and Bethany Home and Hospital, Chicago, and St. 
James Hospital, Chicago Heights. Illustrations by Carl Linden in 
collaboration with Tom Jones of the Illustration Studios of the Uni- 
versity of Illinois College of Medicine, Chicago. Pp. 351; 92 figures. 
New York: D. Appleton-Century Company, Inc., 1942. Price, $3.00. 

_ Designed primarily for medical students but supplied wth simplified descrip- 
tions of anatomy and physiology to place it within the grasp of laymen, this volume 
is a practical, yet fairly complete, discussion of military and civilian emergencies. 
Unusually strong emphasis is placed upon what not to do, in every type of emerg- 
ency as well as in a special chapter devoted exclusively to "don’ts.” Many lucid 
diagrams are supplied. M. F. 

Medical Clinics of North America. Sjrmposium on Endocrinology. Novem- 
ber, 1942. Vol. 26, No. 6. Pp. 342. Three-year cumulative index 
(Volumes 24, 25 and 26—1940, 1941 and 1942). Philadelphia: W. B. 
Saunders Company, 1942. Price, $16.00 for the year. 

Mental Illness: A Guide for the Family. Bj’- Edith M. Stern with the 
collaboration of Samuel W. Hamilton, M.D. Pp. 134. New York: 
The Commonwealth Fund, 41 East 57th St., 1942. Price, Sl.OO. 
Constiintion and Disease. Bj"- Julius Bauer, M.D., Professor of Clinical 
IMedicine, College of Medical Evangelists, Los Angeles, Calif. ; Formerly 
Professor of Medicine, Universit}’- of Vienna. Pp. 220; 5 illustrations. 
New York: Grime & Stratton, Inc., 1942. Price, .$3.50. 
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Fundamentals of Psychiatry. By Edward A. Strecker, M.D., Sc.D., 
F.A.C.P., Professor of Psychiatry and Chairman of the Department, 
Undergraduate School of Medicine, University of Pennsylvania; Psy- 
chiatrist to the Pennsylvania Hospital; Attending Psychiatrist, Psycho- 
pathic Division, Philadelphia General Hospital. Pp. 201; 15 illustra- 
tions. Philadelphia; J. B. Lippincott Company, 1942. Price, .S3.00. 

Inirodnciion to the Psychoanalytic Theory of the Libido. B3’' Richard 
Sterba, M.D. Pp. 81. Monograph No. 68. New York; Nenmus 
and Mental Disease Monographs, 1942. Price, S2.00. 

NEW EDITIONS 

Srtrgical Pathology. By Wieliaai Boyd, M.D., LL.D., M.R.C.P. (Edin.), 
F.R.C.P. (Lond.), Dipl. Psych., F.R.S.C., Professor of Pathology, Uni- 
versity of Toronto. Fifth Edition. Pp. 843 ; 502 illustrations, 16 col- 
ored plates. Philadelphia and London; W. B. Saunders Companj', 
1942. Price, 810.00. 

Tables of Food Vahtes. By Alice V. Bradley, M.S., Associate Professor 
of Nutrition and Health Education, State College, Santa Barbara, Calif. 
Second Edition, completely revised and enlarged. Pp. 224. Peoria, 111.; 
The Manual Arts Press, 1942. Price, 83.50. 

Atlas of Ophthalmic Pathology. Bj-^ Elbert DeCoubsey, Major in the 
Medical Corps of the United States Anny; Formerly Pathologist to the 
Registrj'-; and J. E. Ash, Colonel in the Medical Corps of the United 
States Army, Curator; Roy M. Rbeyte, Photographer; Helen Campbell 
Wilder, Microscopist; Lavtience P. Ambrogi, Technician. Prepared 
at the Army Medical Museum, Office of the Surgeons-Generai of the 
United States Army, from material in the Registry of Ophthalmic Path- 
ologjL Third Edition, revised. Pp. 136. Omaha; The American 
Academy of Ophthalmology and Otolaryngology (1500 Medical Arts 
Bldg.), 1942. Price, 85.00. 

Atlas of Dental and Oral Pathology. By Joseph L. Bernier, Major in the 
Dental Corps of the United States Armj'’, Pathologist to the Registr)'; 
Jame.s B. Mann, Colonel in the Dental Corps of the United States Army, 
Formerly Pathologist to the Registrj^; J. E. Ash, Colonel in the Medical 
Corps of the United States Asmy, Curator. Prepared at the Army 
Medical Museum, Office of the Surgeons-Generai, from material in the 
Registr 3 ' of Dental and Oral Pathologj'. Second Edition, revised. 
Pp. 178. Chicago; The American Dental Association (212 E. Supe- 
rior St.), 1942. Price, -85.00. 

Atlas of Otolaryngic Pathology. By J. E. Ash, Colonel in the Medical 
Corps of the United States Army, Curator, with the assistance of J. L. 
Bernier, Captain in the Dental Corps, Assistant Pathologist; Roy M. 
Ree\"e, Photographer. Prepared at the Armj' Medical Museum, Office 
of the Surgeons-Generai of the United States Armj% largely from material 
in the Registrj* of Otolarjmgic PathologjL Third Edition, re\dsed. 
Pp. 173. Omaha; The American Academj’’ of Ophthalmology and Oto- 
larj’ngologj’ (1500 Medical Arts Bldg.), 1942. Price, 85.00. 

Osier’s Principles and Practice of Medicine. Bj* Henry* A. Christian, 
A.M., ^I.D., LL.D., Hon. Sc.D., Hon. F.R.C.P. (Can.), F.A.C.O., 
Hersej* Professor of the Theorj* and Practice of Phj'sic, Emeritus, Har- 
vard Universitj*; Ph>*sician-in-Chief, Emeritus, Peter Bent Brigham 
Hospital; Visiting Phj'sician, Beth Israel Hospital, Boston. Fourteenth 
Semicentennial Edition (1892-1942). Pp. 1475. New York; D. Apple- 
ton-Centurj* Company, Inc., 1942. Price, -89.50. 

Diseases of Children. By Bruce Willi.ymson, M.D., F.R.C.P. Third 
Edition. Pp. 370; 70 illustrations. Gin color. Baltimore; The Williams 
& Wilkins Companj*. 1942. Price, 84.50. 
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SOME CLINICAL ASPECTS OF RECENT VITAMIN ADVANCES 

Much of the literature on the vitamins concerns problems which 
are not of clinical or therapeutic interest. The present review is con- 
cerned only with the more recent reports of primary clinical importance. 
No special emphasis has been given to the place of vitamins in pedi- 
atrics, ophthalmology, and otolaryngology, because these have been 
recently reviewed in the section on the Progress of Medicino.^^’'^®’®® 

General discussion of the approach to therapy and the use of purified 
and synthetic vitamins has no place in this review. A general evalua- 
tion of these phases of nutrition is well discussed in textbooks^® on 
treatment. However, certain of these aspects are now in the process 
of clarification, as exemplified by the report of the Council on Foods 
and Nutrition and the Council on Industrial Health of the American 
Medical Association.®® These groups, working together, pointed out 
the fact that the general practice of industrial concerns of providing 
all their employees with vitamins indiscriminately is misguided. When 
a satisfactoiy study of a given industrial situation indicates the wisdom 
of providing vitamins for employees, the necessity for observing proper 
scientific limitations of such action in the particular situation is impor- 
tant. After an employee has been restored to a good nutritive state, 
the use of a good diet of natural protective foods thereafter should 
suffice. The Councils further indicated that nothing in their report 
was intended to belittle the significance of vitamins in nutrition or the 
value of proper use of added vitamins in improving staple foods, such 
as bread and flour. The purpose of the report was to discourage indis- 
criminate mass use of vitamins. 

Vitamin A. The value of diagnostic tests in the detection of vita- 
min A deficiency remains a debated question. The feeling is prevalent 
that the standards for the photometer test are too high. Prolongation 
of adaptation time occurs with little apparent clinical or diagnostic 
significance and photometer tests do not always correlate well with 
blood levels.^® Still the photometer has been found useful in diagnosis, 
particularly when determinations are made before and after treat- 
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Similarly, although e\adences of deficiency do not correlate 
accurately with ^^tam^n A blood levels, normal values are not likely 
to occur in clinical deficiency. 

A more recent addition to tests for \atamin A deficiency is bio- 
microscopy under slitlamp illumination. Kruse,®® using the method 
on 143 persons in the low income bracket, found gross (Bitot’s spots) 
and microscopic lesions of xerosis conjimctivse in 45% and 54%, 
respectively. These he considered evidence of \’itamin A deficiency and 
suggested that they might precede the development of night blindness. 
However, Berliner® does not consider these changes necessarily pre- 
xerotic states related to vitamin A metabolism, and CalIison‘® has 
described wtamin A deficiency and disturbed dark adaptation without 
changes in the conjunctiva. Obviously, the problem requires further 
evaluation. 

Recent work suggests that variations in reactions to standard color- 
vision tests may not rest entirely on Mendelian characteristics, but 
may be corrected vith vitamin A.'® 

Sandels and associates®* have described follicular conjunctiHtis as a 
common manifestation of vitamin A deficiency, particularly in the 
age groups from 6 to 12 years. They have correlated these findings 
with low dietary intake, and have found 13,000 units of Htamin A 
daily effective in treatment. 

Youmans®® has pointed out that most vitamin A deficiency seen in 
practice develops secondary to some other primary disease. This is 
particularly true in liver disease, for important phases of the metabolism 
of Htamin A, for example storage, and the conversion of carotene 
into vitamin A, takes place in this organ. Cirrhosis of the liver, as 
well as infectious processes, affect storage.®’ Blood levels of the vita- 
min are closelj’’ linked with the liver stores, where mobilization is 
influenced by sjunpathetico-adrenal stimulation.®* 

Various infections, such as tuberculosis and osteomyelitis, increase 
the need for vitamin A. In tuberculosis,’ absorption of Htamin A is 
also poorer than normal. It has been found that the greater the weight 
loss and the more severe the gastro-intestinal sjunptoms, the poorer 
the absorption of the \dtamin. Autopsy findings have not explained 
these results. Either decreased absorption or increased destruction is 
produced by various diarrheas, surgical procedures, and certain gastro- 
intestinal disturbances. In gastro-intestinal cancer, the levels of Hta- 
min A in the plasma have been reported below normal in 86 % of the 
patients examined.®’ This is thought to result from both inadequate 
absorption and an hepatic dysfunction of storage or formation from 
carotene. In some patients, dietary deficiency or malabsorption could 
not explain the low values. Malignancies, other than those arising in 
the gastro-intestinal tract, may produce similar changes in the plasma 
levels. 

Most interesting is the report on treatment of arterial hjqjertension®® 
with vitamin A. Doses of 180,000 to 200,000 units daily, reduced later 
to 90,000 to 100,000 units, are reported to give a drop in blood pressure 
of 30 to 40 mm. of mercurj*. A later report from this country'*’ con- 
firms these results in experimental renal hypertension in dogs, but con- 
trolled observations in patients by Taylor, Corcoran and Page** do 
not support these results. 
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Vitamin B Group. Clinically, at least 8 well-knowm substances in 
the vitamin B complex must be considered. These are thiamin, niacin, 
riboflavin, pyridoxine, pantothenic acid, p-amino-benzoic acid, choline, 
and biotin. Only the first 3 are well established clinically. Experi- 
mental choline deficiency is characterized by fatty changes in the liver, 
and this substance is quite likely essential for man. The others are 
considered below. 

Probable “safe” levels for daily intake of the B vitamins by human 
beings are variously stated. The National Research Council Com- 
mittee on Foods and Nutrition® suggests the following for a 70 kg. man 
using 2500 calories daily : 

Thiamin, 1.5 mg 
Niacin, 15 mg. 

Riboflavin, 2.2 mg. 

R. J. Williams®®® states that a fully adequate idea of the requirements 
of human beings for the various vitamins could presumably be ob- 
tained only as a result of a series of extended controlled studies using 
man. He compared the vitamin content of a well-rounded mixed 
diet, such as might be recommended for human beings, the vitamin 
content of certain commercial animal foods, and of the carcass of the 
rat. On an isocaloric basis, the vitamin content agreed closely. He 
estimated that “safe” levels for daily intake of B vitamins for human 
beings, even under conditions of pregnancy and lactation, are probably 
represented by: thiamin, 3.2 mg.; nicotinic acid, 40 mg.; riboflavin, 
3.7 mg.; pantothenic acid, 11 mg.; biotin, 0.14 mg.; inositol, 1000 mg.; 
pyridoxine, 1.5 mg.; and folic acid, 1 mg. Although the last 4 are not 
definitely known to be required by man, they occurred in foods in about 
the extent indicated. These figures exceed those laid down by the 
National Research Council Committee in thiamin, niacin, and ribo- 
flavin. Estimates for pantothenic acid have not been made by others, 
and the same is true for pyridoxine, folic acid, and inositol. 

R. D. Williams and his associates®^ have estimated the optimal 
intake of vitamin Bi at 0.5 to 1 mg. per 1000 calories in a diet in which 
the carbohydrate and fat have the conventional proportions. It should 
be emphasized that the thiamin content of the average American diet, 
as consumed by the middle two-thirds or three-fourths of the population 
prior to enriched bread and flour was about 0.8 mg. per 2500 calories.®® 
Deficiency of the B vitamins, along with iron deficiency, is probably 
the most prevalent today. Their occurrence in the same foods empha- 
sizes the common finding of multiple deficiencies in the same patient. 
In certain instances of cirrhosis of the liver, the importance of abnormali- 
ties of the diet, particularly in protein and B complex is becoming 
evident. In experimental animals,®® a type of cirrhosis characterized 
by focal necrosis and fatty infiltration, occasionally developing into 
periportal fibrosis, has resulted from diets low in B complex and protein. 
These changes resemble those seen in alcoholic patients. The relation- 
ship of these factors to cirrhosis of the liver in man has just recently 
been admirablj'^ reviewed by Wilen.®® 

Evidence is also beginning to accumulate to suggest a relationship 
between certain members of the B complex and the development of 
certain types of cancer. It is suggested that the most frequent, and 
probably the most important form of- chronic irritation in the oral 
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mucous membrane, from tbe standpoint of cancerigenesis, is ardtamin- 
osis The belief was stated that prophylaxis against mouth cancer 
would include an increase in general intake of vitamin B in foods. 
Relationships have also been shoum between the B group and the 
development of experimental cancer of the liver in animals The 
application of these data to the study of this disease in man is anxiously 
awaited. 

Wernicke’s encephalopathj%” which is characterized by ophthalmo- 
plegias, clouding of consciousness, and ataxia, found in chronic alcohol- 
ism, gastric carcinoma, pernicious anemia, vomiting of pregnancy, and 
other conditions, has responded to treatment with B complex. 

A relationship has been reported between the endocrine glands and 
the metabolism of vitamin B complex.® Improvement has been noted 
in B complex deficiencies by the administration of anterior pituitary 
extracts when the clinical picture has not been entirely relieved by vita- 
min therapy. Also estrogen therapy has been noted to induce or exag- 
gerate polyneuritis, pellagra, and cheilosis. Ashworth and Sutton® sug- 
gest either an increased demand for, or a suppression of utilization of, 
the vitamin B complex by estrogens. 

The success of B complex, either as crude extract or purified mixtures 
in multiple B deficiency, is well established. Spies, Grant and Grant^® 
describe a mixture of 25 % dried brewers’ yeast, 67 % peanut butter, 
and 8 % peanut oil as a protective food in B deficiencies, particularly 
in pellagra, beriberi and ariboflavinosis. Patients taking 60 to 75 gm. 
of this mixture daily as a dietary supplement showed improvement in 
the appetite, gain in weight, and healing of lesions. 

There are on the market many vitamin B complex preparations which 
represent extracts of yeast and liver. Such a source is no guarantee of 
potency for there may be large losses in extraction. It has been esti- 
mated®'“ that to get enough of the B vitamins from such sources to 
equal the intake on a good diet, one would have to consume 10% of 
one’s calories in the form of 7 to 8 teaspoons of the dry powder of one 
commercial extract tested. Many such preparations are fortified with 
thiamin, niacin, and riboflavin, but are not “balanced” in the amounts 
of the various components. 

J'ilamin Bi. Induced thiamin deficiency®' of severe degree is asso- 
ciated with states of inactivity, apathy, serious derangement of meta- 
bolic processes, loss of weight, and finally prostration. ^Moderate pro- 
longed restriction was associated with emotional instability reflected 
by irritability and moodiness, quarrelsomeness, lack of cooperation, 
\-ague fears jjrogressing to agitation, mental depression and other signs. 
Mental and ph.i’sical inefficiency preceded other more objective mani- 
festations of thiamin deficiency by weeks or months. Changes in judg- 
ment and foresight have also been noted.®' 

Clinical evaluation shows that about one-third of the wage-earning 
families of the population live on inadequate diets, a large part of which 
rests in the B group, and particularly thiamin. This, coupled with 
losses through cooking conditions, may lead to serious deficiency. In 
meats, a potent source, boiling and .stewing may. destroy up.to.5Q% 
of the thiamin. Additional need for thiamin, or diseases, interfering 
with intake, are likely.to be associated wdth such deficiency. The diag- 
nosis of beriberi is often masked in such diagnoses as diabetic, gesta- 
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tional, alcoholic, or metabolic polyneuritis. Pellagra, sprue, celiac dis- 
ease, hyperthyroidism and febrile states may have, as part of their 
picture, thiamin deficiency. 

Thiamin is normally excreted in appreciable amounts in the sweat.^® 
It has been estimated that a man working in a room of moderate tem- 
perature may sweat 2 to 3 kg. daily without visible perspiration. This 
would account for loss of 5 % to 15 % of ingested thiamin.^® 

Laboratory methods for estimation of thiamin subnutrition are not 
widely used clinically. This is due, in part, to a lack of simplicity as 
well as to variations in experimental results.^® Total blood thiamin 
levels may not fall sufficiently early in deficiency to make them of value 
diagnostically in so-called “subclinical” states.®^ Excretion tests,^® 
saturation tests, and pyruvate determinations on the blood before and 
after treatment have been reported as useful. 

Increase in the thiamin content of the diet may be accomplished by 
the addition of thiamin-rich foods, lean meat, internal organs, milk and 
whole-grain cereals. Thiamin-poor foods may be eliminated. Enrich- 
ing of basic foods in which processing has removed the thiamin content, 
is useful. Wheat flour and its products are estimated to contribute 
more calories to the American diet than any other class of food^^ and, 
with refined sugar and fats, account for over one-half of the caloric 
intake. White bread is about one-tenth as potent in thiamin as whole 
wheat and there are marked reductions in calcium, iron, and other 
factors as well. The enriching of flour to the equivalent of whole wheat 
is an important step in correcting deficiency produced by such refining 
processes, but one cannot assume such flour is superior to, or even 
nutritionally equivalent to, whole-grain flour. One should not be 
lulled into a feeling of false security in his thiamin quota by eating 
bread made of enriched flour. Six slices of such bread supply a little 
over one-sixth of the daily requirement,^'^ so that other foods must be 
depended upon to complete the daily quota. 

Thiamin has been used in the treatment of many seemingly unre- 
lated conditions, some of which have already been mentioned. Reports 
of successful treatment of herpes zoster are not conclusive. Even 
injections locally into the areas about the eruption have been tried. 
Equivocal results are also reported in tic douloureaux, pernicious 
anemia, morphine addiction and irradiation sickness. Combined with 
other factors in the B complex, and at times with vitamin E, it has been 
used in many neurologic states which are, in general, refractory to 
treatment. Diabetic neuritis of the symmetric type, particularly that 
starting in the lower extremities, has been successfully treated by oral 
doses of 10 mg. daily." Other types of pain, vague aches, and pain 
involving single nerves did not respond consistently. 

Sensitization, including positive intracutaneous and passive transfer 
tests, to thiamin has been described.®® 

Riboflavin. Since the association of riboflavin deficiency with a dis- 
tinctive clinical picture in man, there has been wide interest in this 
problem. Attempts have been made to establish diagnostic chemical 
tests for early deficiency. Blood values are of little diagnostic impor- 
tance,"* and excretion tests, as yet,- are of little practical value. In early 
diagnosis, the recognition of the superficial vascularizing keratitis amd 
its associated symptoms of burning, itching, blurring of vision remains 
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most important/^ for this finding is described as the earliest and most 
common visible manifestation. While changes in the tongue and lips 
generally follow the keratitis, absence of the latter does not exclude 
riboflavin deficiency.^ It is interesting to note also that interstitial 
keratitis associated with hereditary syphilis has responded more rapidly 
to treatment when riboflavin is given.*"* , 

It has been suggested,®^ because of the recognition of widespread 
ariboflavinosis, that destruction of riboflavin by light at the high 
temperatures used in cooking might be of practical importance. Up 
to 48 % of riboflavin may ,be destroyed when food is exposed to light 
during cooking in open vessels. Williams and Cheldelin®^ showed that, 
under usual kitchen conditions in a well-lighted room, destruction of 
riboflavin in liquid foods was rapid and that opacity tended to slow up 
the loss. Certainly, large losses in such foods as milk and eggs which 
alone contribute approximately 40% to 50% of the ribofla^^n in the 
average American diet may aggravate any shortage.®* 

Spies, Bean, Vilter and Huff*® found ariboflavinosis to be common in 
children. It has been reported in the premature infant.*® Nursing 
infants were satisfactorily treated by administering to the lactating 
mother 1 mg. doses 3 times daily or brewers’ yeast or liver extract 
daily. Five mg. of riboflavin daily is usually adequate except in liver 
disease, gastric achlorhydria or diarrhea when the amount should be 
doubled to tripled. Sodium riboflavin may be given parenterally in 
10 to 15 mg. doses. 

Niacin. Recently the term “niacin” has been applied to nicotinic 
acid.*® More acute forms of nicotinic acid deficiency may give rise to 
clinical pictures unlike that of pellagra. Such is the so-called nicotinic 
acid encephalopathy characterized by clouding of consciousness, pro- 
gressive stupor, cogwheel rigidity and gasping and sucking refle.ves. 
Sydenstricker and Cleckley®* include in this group of symptoms such 
manifestations as lethargy, stupor, mania, hallucinations and disorien- 
tation which respond promptly to niacin therapy. 

Many tests for niacin deficiency have been advocated. Blood and 
urine levels are of little help. There is a constant loss of at least 10 mg. 
of known nicotinic acid derivatives in the urine daily, regardless of diet.®® 
The extra excretion of nicotinic acid and trigonelline after test doses of 
nicotinamide may serve as an indication of the nutritional status of 
an indixddual in respect to nicotinic acid,®® but is not yet satisfactory 
as a clinical test. 

The estimation of the amount of certain fluorescent substances in 
the urine shows promise as a test of nicotinic acid deficiency.®® Evalua- 
tion of this test is not yet complete. One of the fluorescent substances, 
called Fi, was found in relatively small amounts in normal urine but 
in larger quantities in the urine of pellagrins. Another substance, Fj, 
developed fluorescence only on the addition of alkali. It was not found 
in the urine of pellagrins but reappeared after nicotinic acid therapy, 
and increased in the urine of normal subjects after administration of 
nicotinic acid. Animal e.xperimentation, to obtain a purer form of 
nicotinic acid deficiency than occurs in patients, confirmed these results 
although the reciprocal relationship of Fi and F 2 was not perfect. 

Pyndoxinc. Despite the fact that there is as yet no clear-cut 
eridence of’ the importance of pjTido.xine in clinical nutritional defi- 
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ciency, the study of its metabolism in man suggests an important 
role.®®’’® The similarity of its distribution in food to other members of 
the B group also suggests its importance, as does the work of Williams, 
quoted above. 

Since the report’^ that administration of pyridoxine to 4 pellagrins 
on a controlled diet caused the disappearance of such symptoms as 
extreme nervousness, insomnia, irritability, abdominal pain, weakness 
and difficulty in walking, its use has centered on muscular and nervous 
disorders, including pseudohypertrophic muscular dystrophy, myas- 
thenia gravis, amyotrophic lateral sclerosis. Parkinsonism and others. 
Jolliffe®® found it beneficial in Parkinsonism of less than 3 years’ dura- 
tion and without a history of encephalitis. Still others report no im- 
provement with pyridoxine in dosage varying from 50 to 100 mg. 
intravenously daily or every other day, alone, or in combination with 
vitamin E and other factors of the B complex. In pseudohypertrophic 
muscular dystrophy, reports are similar. Antopol and Schotland® 
found considerable improvement in 6 cases while Keith, using 100 to 
200 mg. intramuscularly found no improvement. There are many diffi- 
culties in the evaluation of such therapy.^® 

Because of the reported relief of weakness in pellagrins by pyridoxine 
several studies have been carried out to test the effect of pyridoxine on 
muscular weakness. Muscular weakness brought to the point of ex- 
haustion by performance of work has been relieved by pyridoxine in 
patients with neurasthenia, hyperthyroidism, and ulcerative colitis.®® 
In these states, deficiency might be expected. However, in patients 
with severe malnutrition, tested in the same way, there was no positive 
response. In another report,®^ a study of fatigability carried out by the 
double work period method on subjects receiving "adequate” nutri- 
tion showed no immediate effect from thiamin, cocarboxylase, riboflavin 
and parenteral vitamin B complex. 

Pantothenic Add. The status of our knowledge of the importance of 
pantothenic acid in human nutrition is similar to that of pyridoxine. 
its presence in all types of living cells®®® speaks for its importance, 
probably as a catalyst in some step of carbohydrate metabolism. In 
man,^’’®^'®^ sufficient quantities occur in the blood for determination of 
blood levels, and the daily urinary excretion has been measured. Again, 
these facts indicate the entrance of this vitamin into the human econ- 
omy. Further suggestions that pantothenic acid may be of clinical 
importance is the demonstration in animals that larger amounts of it 
and pyridoxine are necessary in hyperthyroidism.’® 

The use of pantothenic acid to restore color of graying hair is well 
known. Results are equivocal. Para-aminobenzoic acid, considered a 
part of the B complex, has also been used.”“’® It is kno^vn to modify 
melanin formation. A darkening of the hair is reported in 3 to 8 weeks 
with oral doses of 100 mg. twice daily. The use of these preparations 
is still in the experimental stage. 

Biotin. So-called vitamin H, or biotin, is the curative factor for 
egg white injury in rats and has been considered a part of the B complex. 
Sydenstricker and his associates®® placed a group of volunteers on a 
diet low in biotin and high in avidin, a substance which makes biotin 
unavailable for the organism. Definite findings were observed. In 3 
to 4 weeks, a scaly desquamation appeared and lasted 7 to 10 days. In 
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the seventh to eighth week, a grayish pallor of the skin and mucous 
membranes developed. The color was out of proportion to the blood 
picture. Lassitude, depression, muscular pains and paresthesias, som- 
nolence, precordial distress, and, in 2 instances, a mild panic state were 
observed. Biotin in 3 daily doses totaling 150 to 300 mg. controlled the 
symptoms in 3 to 5 days. 

Vitamin C. This vitamin is one in which determinations of blood 
levels has become a part of clinical laboratory diagnosis. Study of in- 
duced deficiency has shown that a reevaluation of the interpretation 
of vitamin C blood levels is necessary.®® Levels previously' considered 
indicative of scurvy, below 0.4 mg. per 100 cc. of plasma, may be found 
in normal individuals. Determinations on the white cell-platelet frac- 
tion and on whole blood are more reliable than determinations on 
plasma. High values indicate the presence of body reserves. Low 
values, even approaching zero, have developed in persons with 75% 
reserves as well as in those with scurvy. It is here that saturation tests 
may be of help in diagnosis. 

The increased requirements for A'itamin C in diseases which increase 
metabolic processes is evident. This occurs in such conditions as hyper- 
thyroidism, tuberculosis, rheumatic fever, pregnancy, pneumonia, 
osteomyelitis, and other febrile states. In inadequate intake, or in- 
creased loss, as in diarrheas, the requirements are also emdent. In 
addition, the use of vitamin C has been advocated in many diseases 
where clear-cut indications are not evident, and in most such conditions 
the results with its use are doubtful. Such conditions include senes- 
cence, certain types of cutaneous pigmentation, essential hematuria 
and chronic lead poisoning. Arsenical reactions complicating the treat- 
ment of syphilis, radiation sickness, gingi^^tis, corneal inflammation, 
fall into the same group. In all these, vitamin C has been reported 
as beneficial in treatment, but its importance is still not established. 
In anemia, thought to result from vitamin C deficiency, iron has been 
shown to be effective when vitamin C is not.**' Deficiency associaterl 
with gastric lesions has been described.^ 

Vitamin D. Evidence has long indicated that rickets may' be due to 
more than vitamin D deficiency', and may' include endocrine and genera! 
nutritional factors. In certain cases of low phosphorus rickets, which 
are refractory' to treatment with A-itamin D and have associated renal 
lesions, it is possible^® that the development of the rickets is due to a 
failure of the renal tubular mechanisms concerned with the reabsorption 
of phosphate. Animal studies®’ suggest that renal damage may be im- 
portant in the production of evidence of toxicity' from excessive dosage 
of vitamin D. 

So-called massive dose therapy', both orally' and parenterally,*®’'^ 
has been utilized in the treatment and prophylaxis of rickets. Curative 
doses of vitamin D 2 or D 3 , representing 600,000 I.L*. or more, have not 
l)een accompanied by evidences of toxicity. Single prophylactic dose.s 
of 400,000 to 500,000 I.U. parenterally' have been given for protection 
for the entire winter period. Such treatment is not generally used. 
Several autopsies are on record®®' of patients Avho had received over 
a million units 3 to 26 day’s before death. No changes indicative of 
hypervitaminosis D were found. While hy'pervitaminosis D has been 
produced, the use of vitamins D* and Ds has not resulted in toxic 
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symptoms in over 600 cases. Irradiation of vitamin D preparations is 
thought to result also in the production of other irradiation products 
than vitamin D?, which probably produce toxic symptoms. Vollmer 
states that the fish liver oils do not contain these toxic products. No 
permanent damage has been noted in the treatment of arthritis with 
doses of 200,000 to 1,000,000 units over periods of weeks. However, 
such symptoms as nausea, frequency of urination, lassitude, diarrhea, 
pains, anorexia and vomiting do occur. 

Reports of the treatment of psoriasis and rheumatoid arthritis with 
vitamin D are still conflicting. Freyberg^® has pointed out that 
there is no good evidence for the existence of any antirheumatic vitamin. 

Vitamin E. The importance of vitamin E in human nutrition is not 
yet established. Until recently its use was confined to the treatment 
of habitual abortions and functional sterility, and success is claimed 
in 75% to 80% of the cases.® Other forms of treatment have given 
equally good figures so that the value of vitamin E remains to be estab- 
lished. The Council on Pharmacy and Chemistry of the American 
Medical Association®” has not accepted the claims in the treatment of 
habitual abortion. 

The production of paralysis and muscular lesions in experimental 
animals with vitamin E deficiency has led to the widespread use of this 
substance in the treatment of a variety of nervous and muscular dis- 
orders, both with wheat germ oil and synthetic preparations. Muscular 
dystrophies and atrophies, amyotrophic lateral selerosis. Parkinsonism 
and other neurologic disorders have been included. Claims of success 
and failure have appeared with vitamin E used alone and in conjunction 
with other vitamin products, especially the B group.®” Lubin^” applied 
quantitative methods to this problem. Thirty-five patients were treated 
with large doses of alpha-tocopherol and most were followed at intervals 
by dynamometric and electrical methods for muscular strength, and 
measurements of the creatinine and creatine output. In 31 patients, 
the condition remained stationary or became worse during the period 
of medication. In the 4 remaining patients, improvement was consid- 
ered unrelated to the intake of tocopherol. 

Vitamin E is said to benefit primary but not secondaiy fibrositis.®-'^® 

Vitamin K. A great number of compounds have been found whieh 
have the activity of vitamin K. Of these, 2-methyl-l, 4-naphthoquinone 
is the most widely used synthetic and has been given the name “ mena- 
dione.” The success of this, and other preparations having the activity 
of vitamin K, in the correction of the low blood prothrombin levels 
resulting from vitamin K deficiency is without question. When low 
prothrombin levels in the body are sufficient to interfere with the clot- 
ting mechanism, hemorrhage results. Probably the best known example 
of the disturbance in this mechanism is obstructive jaundice in which 
the laek of bile in the gastro-intestinal tract interferes with proper 
absorption of vitamin K. Deficiency may occur because of inadequate 
diet, and in diarrhea, as in sprue, celiac disease and ulcerative colitis. 
Primary hepatic injury may interfere Avith the metabolism of A’itamin K 
and prothrombin eA'^en AAdien the A'itamin is aa'cII absorbed. This fact 
has formed the basis for a liver function test utilizing A-itamin K and 
its effect on blood prothrombin IcA'els, for Autamin K therapy has no 
effect in elcA^ating Ioav blood prothrombin leA'els resulting from se\'ere 
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hepatic injury. Hypoprothrombinemia occurs frequently in pulmonary 
tuberculosis. Low values have been reported with pulmonary hemor- 
rhage^® and vitamin K preparations have been suggested as useful in 
the control of such hemorrhage. Hypoprothrombinemia also occurs in 
pernicious anemia in relapse, usually in levels between 40% and 65% 
of normal. Vitamin K therapy is reported as unsuccessful in correcting 
this change®® while there is a rise with specific liver therapy. 

In the newborn, the prothrombin time is often prolonged, particu- 
larly from the second to the fifth day. This change is upon the basis 
of vitamin K deficiency and, if sufficiently marked, hemorrhagic disease 
of the newborn appears. This change is not related to the mother’s diet, 
but prothrombin levels below those usually seen at this time may de- 
velop if sodium pentobarbital has been used as an analgesic in the 
mother.^® 

Despite the fact that an adequate diet in the mother does not protect 
the child, administration of ^'itamin K before delivery does. Beck, 
Taylor and Colburn® found only 5 (0.5%) of 1022 infants of mothers 
so treated with evidences of hemorrhage, while 21 (2 %) of 10.37 con- 
trols showed such evidences. This represents a reduction of 75 % vdth 
treatment. In this study menadione was used in 2 mg. doses at the 
time of admission to the hospital for delivery and the dose was repeated 
at 6-hour intervals throughout labor. 

How late in labor menadione administered to the mother may be 
effective in the newborn is an important question. Heilman, Shettles 
and Eastman®® found definite elevations in prothrombin levels in the 
infant when \itamin K was given as late as 4 hours before delivery. 
In general, better results are obtained by administration of the vitamin 
to the mother than to the child after birth, even though the daily re- 
quirement of the newborn has been estimated as low as 1 fig. of the 
sjmthetic vitamin. In a study®® in which these factors were analyzed, 
711 of 1693 newborn infants were given \’itamin K in the first 10 days 
of life. As soon as they reached the nursery, a 1 mg. tablet was dis- 
solved in a teaspoon of water and given with a medicine dropper. If 
regurgitated, the dose was repeated. In 606 instances, the prothrombin 
determinations on cord blood were similar to those on the mother’s 
plasma. The values diminished in the first 3 days and rose in the next 3, 
almost to reach the cord level by the seventh day. Levels did not rise 
aboA'e those of the cord, whereas values above these were obtained by 
administration of the vitamin to the mother before delivery. These 
authors found the frequency of conjunctival, vaginal, petechial, cere- 
Ijral, and umbilical hemorrhage unchanged by ^^tamin K therapy. 

Intravenous use of menadione and other compounds, such as tetra 
sodium salt of 2-methyl-l, 4-naphthohydroquinone diphosphoric acid 
ester,*® and 4-amino-2-methyl-l-naphthol hydrochloride eliminates bile 
salt administration and responses in the prothrombin time have occurred 
in 1 to 3 hours.* 

The extensive use of purified sjTithetic preparations, especially those 
given parenterally, suggests the possibility of to.xicity and hyper- 
vitaminosis from overdosage. In animals®® large doses have produced 
respiratory depression and congestion of organs. The usual dosage in 
man has produced no untoward sjTnptoms. Methylnaphthoquinone, 
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1 % in an ointment base, has produced dermatitis in 5 of 9 patients so 
treated.®^ 

It is of interest to note that the prolongation of the prothrombin time 
resulting from the administration of dicoumarin is not corrected b^^ 
menadione in 10 mg. doses.'*® 

Vitamin P. A second hemorrhagic factor is known to be associated 
with ^dtamin C in citrus fruits. This compound is a flavone. Its use in 
both animals and man in controlling purpuras associated with low 
capillary resistance is reported as successful While the defi- 

ciency may occur along with vitamin C deficiency, it is unrelated in 
its development to vitamin C metabolism. Increases in capillary fragil- 
ity in purpura associated with allergic states, infection, arsenic poisoning 
and psoriasis have responded to oral doses in the range of 100 to 150 mg. 
daily. 

William A. Sodeman, M.D. 
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Measurements of Uterine Contractions of 105 Patients Throughout 
Labor. Douglas P. Murphy (Department of Obstetrics and Gyne- 
cology, University of Pennsylvania). Uterine motility was recorded 
with a Lorand tocograph at intervals of 1 to 2 hours from the time that 
the patient entered the hospital in labor until delivery took place. 
The Lorand tocograph is a simply constructed mechanical device which 
registers the uterine movements through the medium of the anterior 
abdominal wall. It supplies a graphic record of this activity. 

Tabulated measurements of the graphs indicated the changes in 
magnitude which the uterine tonus, strength, duration and frequency 
of the intermittent contractions undergo as labor advances, and also 
in what degree parity and feto-pelvic disproportion modify this activity. 


The Determination of Sodium in the Glomerular Fluid of Necturi. 
Phyllis A. Bott (Laboratory of Pharmacology, University of Penn- 
sylvania, and Department of Physiological Chemistry, Woman’s IMedi- 
cal College of Pennsylvania). The sodium content of glomerular fluid 
was compared with that of serum in a series of glomerular puncture 
e.xperiments on Necturi. For use in these and other studies on glomeru- 
lar and tubular fluid an ultramicro method determining as little as 
0.3 microgram of sodium has been developed. The steps involved in 
the method are as follows: 1, precipitation of sodium as sodium zinc 
uranium acetate in capillary tubes; 2, washing the precipitate on special 
micro filters with a solution of magnesium uranium acetate saturated 
with sodium magnesium uranium acetate, followed by alcohol and 
ether; and, 3, photoelectric determination of zinc (in the Eveljm macro- 
colorimeter) in an aqueous solution of the dissolved precipitate by 



154 


PHOGRESS OF MEDICAL SCIENCE 


means of the red color produced with alkaline diphenylthiocarbazone. 
For determination of sodium in serum the proteins are first precipi- 
tated in capillary tubes with 20% trichloracetic acid. 

The sodium content of glomerular fluid was found to be within 5% 
of that in serum in 9 out of 15 experiments. The greatest differences 
were —14% and 4-9%. This is regarded as additional evidence that 
the glomerular fluid is an ultrafiltrate of plasma. 


Some Effects of Tannic Acid on the Cell Surface. M. H. Jacobs, 
Dorothy R. Stewart and Mary K. Butler (Department of Physiol- 
ogy'’, University of Pennsylvania). Tannic acid is known to produce 
certain characteristic effects on molecular films of proteins, one of the 
most striking being the enormous decrease in permeability to ions 
indicated by the rise in electrical resistance and electrical capacity 
produced by “tanning.” (Dean, Cole and Curtis: Science, 91, 50, 
1940). The normal permeability of the erythrocjffe to certain anions 
can be shown to be greatly decreased by tannic acid under conditions 
that leave its permeability to water, fatty acids, NHs, thiourea, glycerol, 
ethylene glycol, diethylene glycol, triethylene glycol and other undis- 
sociated molecules little affected. Thus the osmotic shrinkage that occurs 
when Cl' ions from the cell are exchanged for HCO 3 ' or SO/ ions from 
outside is strongly retarded by concentrations of tannic acid sufficiently 
low to cause no agglutination of the cells and to have little effect on 
their permeability to many undissociated molecules. This effect can 
be more or less completely reversed by adding a small quantity of 
gelatin to a suspension of the “tanned” cells or by washing them with 
gelatin-containing saline. Tannic acid has little effect on the rate of 
hemolj'sis in solutions of ammonium acetate, which can enter erythro- 
cytes by a purely molecular mechanism; but in solutions of NH 4 CI, 
in which an ionic exchange is involved, the retardation may be very 
great. In the case of NH 4 CI “catalyzed” by NH 4 HCO 3 the initial 
swelling, believed to be associated with the entrance of NH 3 and CO 2 
(Jacobs: Cold Spring Harbor Symposia, 8, 30, 1940) is unchecked by 
tannic acid, but the later ionic e.xchange of HCO 3 ' for Cl seems to be 
greatly slowed. Likewise, the peculiar volume changes produeed by 
NH 4 OH are affected by tannic acid as they should be if there were an 
initial rapid entrance of NH 3 , followed by a later ionic exchange. 


Studies on the Distribution of Potential of Ventricular Origin. 
Charles C. Wolferth, Mary M. Livezey and Francis C. Wood 
(Robinette Foundation, University of Pennsylvania). It has been 
sliown in a previous study that the two patterns of potential variation 
found on the chest just e.xternal to the right and left borders of the heart 
remain relatively intact along lines to the corresponding shoulder tips, 
except for decrement as distance from the heart increases. These rela- 
tionships made possible development of the procedure which we have 
preHously called “the method of balanced potentials.” By the use 
of this method each of these patterns can be practically eliminated 
from an electrocardiogram, except insofar as it may be transmitted to 
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the exploring electrode. Further studies by the method of balanced 
potentials show that there are but three patterns of potential variation 
with widespread distribution on the body surface. These are the two 
mentioned above and a pattern found below the diaphragm. On the 
precordium, however, there is almost infinite variation in pattern which 
can be demonstrated by slight shifts in position of the exploring elec- 
trode. These precordial patterns are distributed to the surface of the 
upper abdomen with marked decrement as distance from the heart 
increases. 

In animal experiments using needle electrodes insulated except at 
the tip, it was found that in regions not more than 2 inches from some 
part of the external surface of the ventricles (precordium, lungs, dia- 
phragm) slight change in position of the exploring electrode resulted in 
change in the pattern of potential variation. Reduction in magnitude 
of potential variation Avas rapid as distance from the heart increased. 
However, on peripheral areas of the diaphragm, abdominal organs, 
abdominal wall and hind legs, the pattern remained practically con- 
stant and only slight decrement was noted as distance from the heart 
increased. 

On the basis of these findings it is concluded that certain modifica- 
tions in the technique of clinical electrocardiography are desirable. 
The method' of balanced potentials is too time-consuming for routine 
use. However, practically the same results can be obtained by pairing 
the exploring electrode with one placed over an area of slight potential 
variation, such as the right scapular region. Tracings should be made 
with the exploring electrode on the Ci to Cg positions inclusive and on 
some position at least several inches below the diaphragm. (The most 
favorable position will have to be determined by further study.) In 
certain cases it is possible that additional information may be obtained 
by placing the exploring electrode in the esophagus below the auricular 
level. The three conventional limb leads of Einthoven are not recom- 
mended. They are not merely superfluous but may be misleading. 
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Notice to Contributors. Manuscripts intended for publication in the Auebican 
J ouBNAL OP THE Medxcai. SCIENCES, and correspondence, should be sent to the 
Editor, Dr. Edward B. Kbcmbhaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. Articles are accepted for publication in the American Jotjrnai. of 
THE Medicae Sciences exclusively, except in the case of subsequent publication in 
Society proceedings. 

Two hundred and fifty reprints are furnished gratis — with covers if over 4 pages; 
additional reprints may be had in multiples of 250 at the expense of the author. 
They should be asked for when the galley proofs are returned. Contributions in a 
foreign language, if found desirable for the Jopbnae, will be translated at its expense. 

Instructions to Contributors. Manoscbipts should be typewritten on one side 
of the paper only, and should be double spaced with liberal margins. The author's 
chief position and, when possible, the Department from which the work is produced 
should be indicated in the subtitle. Ielpbtrations accompanying articles should be 
numbered and have typed captions bearing corresponding numbers. For identification 
they should also have the author’s name written on the margin or back. The recom- 
mendations of the American Medical Association Style Book should be foUow'ed. 
References should be numbered and at the end of the articles, arranged alpha- 
betically according to the name of the first author and should be complete, that is, 
author’s name, journal, volume, page and year (in Arabic numbers). 

Return Postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 


Editorial Note to Medical Authors: We wish to call the special attention of 
author-contributors and readers of this Journal to two of the most frequent errors 
that appear in our manuscripts. 

The first — the misuse of “milligrams per cent’’ — is well covered on Page 53 of 
the American Medical Association’s book entitled “Medical Writing”: “Results 
of chemical determinations are frequently expressed as ’milligrams per cent’ or 
‘grams per cent.’ This means literally ‘milligrams (or grams) per hundred milli- 
grams (or grams),’ which in most instances is not the information that the author 
wishes to convey. To insure accuracy a writer should specify the unit used, such as 
‘milligrams per hundred cubic centimeters' or ‘milligrams per 100 gm.’ If a num- 
ber of values are («ic) given close together in a section or in a short paper, it usually 
is sufficient to supply ‘per hundred cubic centimeters’ the first time the phrase 
appears and to use merely ’milligrams’ (not ‘milligrams per cent’) thereafter.” We 
have become so weary of correcting this fault — and yet probably have overlooked it 
in many cases — that we are taking this means of trying to reduce it for the future. 
We hope that other journals, and especially the Journal of the American Medical 
Association with its large circulation, will also emphasize the point. 

We should like to regard the word “consider” as indicating that the item is still 
under consideration or being meditated upon, i.e., that no conclusion has been reached. 
This is usually the first meaning given by dictionaries for this word. We believe 
that, some dictionaries to the contrary notwithstanding, it is improper to use the 
word where a decision has been reached; in which case some such word as “think to 
be,” or "regard as” or “ believe to be” or "hold as an opinion” gives the more exact 
meaning. 


The Editor. 
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Some of the biologic properties of gramicidin and tjTOcidine have 
been studied with special emphasis on the activity of these agents 
in the presence of serum plasma, tissue extract and growing tissue. 
A tissue culture medium has been used in order to provide some of 
the constituents found in vivo and in whose presence a drug must 
act in order to be effective. Reports have been made on the bac- 
tericidal activity of gramicidin, tyrocidine and penicillin for Gram- 
positive organisms growing in the tissue culture medium.'*-® Studies 
on the hemolytic effect of gramicidin and tyrocidine on erythrocytes 
suspended in the tissue culture medium have also been reported.® •■* 
Gramicidin was found to be more hemolytic than tyrocidine as well 
as more bactericidal under these conditions. Penicillin did not 
cause hemolysis although its bactericidal activity was as great as 
that of gramicidin. 

The present report deals with the effect of gramicidin, tyrocidine 
and penicillin on the migration of Ijunphocytes and other cells in 
cultures of the mesenteric lymph node of the rabbit. 

Methods. The technique used was similar to the modified 
iMaximow type of preparation described by King and Henschel.® 

VOL 205, NO. 2 — FEnnuARY, 1943 
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Young adult male rabbits rvere used exclusively and the plasma, 
serum and tissues used in each series of cultures were obtained from 
the same animal. Blood was obtained by carotid cannulation of 
the rabbit with the animal under light ether anesthesia. The solu- 
tion of heparin used in the preparation of plasma contained 0.04% 
of purified heparin (Connaught Laboratories) and 0.8% sodium 
chloride. This solution was sterilized by Berkefeld filtration and 
approximately 0.25 cc. was used for 15 cc. of blood. A serum 
extract was prepared by extracting chick embryos of 8 days of 
incubation with rabbit’s serum in the proportion of 1 embryo to 

5 cc. of serum. 

Tissue from the mesenteric Ijnnph node of the rabbit was removed 
and fragmented under sterile conditions immediately after death 
of the animal. Suitable explants of a similar size, 1.5 to 2.5 mm. 
in diameter, were placed in .3 series of 12 fragments each. Care was 
taken to match fragments of a similar size and shape so that the 
resulting groups were as nearly alike as possible. Cultures of 
explants in the control series did not receive any bactericidal agent, 
whereas gramicidin was added to cultures of the second series and 
tjTocidine to cultures of the third series. 

Similar experiments were carried out Avith penicillin and con- 
sisted of 2 series of 12 explants each. TjTode’s solution was added 
to the control series and a suitable dilution of penicillin in TjTode’s 
solution was added to the second series. 

Suspensions of the bactericidal agent to be tested in an amount 
equal to 10% of the volume of the final tissue culture clot ivere 
added to tlie serum extract before the cultures were made. The 
purified gramicidin used was prepared by Osterberg according to 
the method of Hotchkiss and Dubos^ from crude tjTothricin. 
Sharp & Dohme kindly furnished the crude tjTOthricin as well as 
the purified tATOcidine used in this study. Stock solutions of grami- 
cidin and tyrocidine in 95% alcohol were prepared containing 
20 mg. per cc. Dilutions of the stock solution AA-ere made in TjTode’s 
solution just before use. Similar dilutions of 95% alcohol in TjTode’s 
solution Avere added to the control series of cultures. 

Two samples of penicillin were used in this study. One sample, 
obtained through the courtesy of Dr. Florey and Dr. Heatley, 
contained pyrogens and had a potency of 42 Oxford units per mg. 
This sample was used in the group of experiments in AA'hich 0.2% 
of penicillin was tested. The second sample, obtained from Merck 

6 Co., and having a potency about two-thirds that of the first 
sample, AA-as used in experiments in AA'hich larger amounts of the 
drug Avere tested. Solutions of penicillin in TjTode’s solution AA’cre 
preserA-ed in solid carbon dioxide. 

The individual tissue cultures were made as follows: Each e.xplant 
Avas placed on a 22 mm. round coA’erslip in a clot consisting of 1 drop 
of plasma and 3 drops of serum-chick-embryo extract. The cover- 
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slip was secured to a heavier glass slide by means of a drop of saline 
solution and the preparation ivas covered by a hollow glass slide 
rimmed with petrolatum, then sealed with a mixture of paraffin 
and petrolatum. Cultures were incubated as lying drops at 37.5° C. 
for .24 hours. Determinations of the extent of migration of cells 
were made according to the method described by Stenstrom, King 
and Henschel.“ With the use of an ocular micrometer at a mag- 
nification of 60 times, a measurement was made of the radius of the 
widest part of the migration zone from the edge of the fragment 
to the outer limit of migrating cells (135 ocular micrometer units 
are equal to 1 mm.). The average value in ocular micrometer units 
was determined for each series of 12 cultures. From a statistical 
study of cultures of normal lymph node in which each experiment 
consisted of 2 matched groups of 12 fragments each, it was found 
that the error in such a system would not be expected to exceed 
20.8 units. 


Table 1. — Effect of Gramicidin and Tyrocidine on Migration of 

Ly'MPHOCY'TES 


Average migration, 
controls, 
ocular units* 

Average migration, 
cultures containing 
gramicidin, 
ocular units* 

Variation 
from controls, 
% 

Average migration, 
cultures containing 
tyrocidine, 
ocular units* 

Variation 
from controls, 
% 


5 /)g. per cc. 


5 MS' per cc. 


251 

236 

-6 

233 

-7 

142 

138 

-3 

150 

4-6 

232 

225 

-3 

227 

-2 

177 

184 

4-4 

187 

4-6 

256 

267 

4-4 

272 

4-6 


20 MS' per cc. 


20 MS' per cc. 


204 

178 

-13 

198 

-3 

147 

153 

4-4 

156 

4-6 

300 

303 

-1 

317 

4-6 

197 

197 

0 

199 

4-1 

225 

217 

-4 

244 

4-S 

264 

264 

0 

246 

-7 

218 

200 

-6 

200 

-8 


80 MS' per cc. 


80 MS' per cc. 


]99t 

160 

-20 

207 

4-4 

236 

197 

-17 

217 

-8 

270 

336 

-14 

267 

-3 

200 

301 

-23 

230 

-12 

229 

190 

-17 

225 

-2 

207 

176 

-15 

220 

4-6 


too ;ig. per cc. 


100 MS' per cc. 


147 

Ill 

-24 

139 

— 5 

239 

187 

-22 

229 

-4 

296 

334 

-21 

285 

-4 

227 

172 

-24 

226 

0 

202 

159 

-21 

207 

4-2 


=*■ 135 ocular units = 1 nun. 

; t This test was done with purified gramicidin and tyrocidine obtained from 

( Dubos and Hotchkiss. 

i Values in italics show significant variation from controls. 
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After measurements had been made, the cultures were fixed in 
Zenkerformol fixative and sections were made according to a method 
described by King® and were stained by the Dominici technique. 

Eesults. Cultures containing small amounts of gramicidin and 
tjTocidine (5 ng. and 20 /ig. per cc.) did not show a significant 
alteration in migration when compared with control cultures 
(Table 1). Examination of the stained sections-of cultures containing 
gramicidin and twocidine showed little difference in the morphologic 
characteristics of the migrating cells as compared with controls. 
In a few instances in experiments in which 20 /ig. per cc. of gramicidin 
were used there were fewer intact erythrocytes in the original tissue 
fragment. This was due to the hemolj’^tic effect of gramicidin. 

Gramicidin in a concentration of 80 ng. per cc. or more caused 
a significant decrease in the extent of migration of Ijunphocytes in 
all tests, whereas the same amounts of tjTocidine caused a significant 
decrease in migration in only 1 out of 11 tests. Histologic examina- 
tion showed a greater degree of degeneration of }j'mphoc}'tic ele- 
ments in cultures containing gramicidin than in cultures of the 
control series. There was an increased amount of fragmentation of 
the nuclei of ljTnphoc}i;es and granulocytes which had undergone 
pyknosis. In many instances the granules of the pseudo-eosinophils 
were distinct in spite of nuclear degeneration. Larger ameboid cells 
that were still intact showed a distortion of cell outlines and vacu- 
olization of the cytoplasm. Nuclear material in these cells appeared 
to be less prominent than in similar cells of control cultures. No 
intact erythrocides were seen in the explants; however, there was 
much erji;hroc}-te debris. Examination of stained preparations 
containing tjTocidine showed that they did not differ markedh' 
from control cultures. Intact erythroc}i:es were observed in the 
explants and the number of surviving granuloc 3 des in the migration 
zones was actually" somewhat larger than in control cultures. The 
h-mphocytic elements appeared normal for this stage of growth. 

It was not possible to make satisfactorj' measurements on cultures 
containing more than 100 Mg- per cc. of gramicidin or tjTOcidine 
because the insoluble particles of both substances obscured the cells 
in the migration zone. Another type of preparation has been used 
in another series of experiments in order to explore more full}' the 
relative toxicitv of the various products of the soil bacillus.* It was 
possible, however, to incorporate relativel}' large amounts of penicil- 
lin into the tissue culture medium because of its solubility. It was 
necessar.v to use large amounts of penicillin in order to cause any 
demonstrable cytotoxicity (Table 2). Onlj^ when 1 mg. per cc. or 
more was used was there an\’ significant decrease in migration. 
Thus, 1 0 times as much penicillin as gramicidin ma.v be used before 
the same degree of inhibition of migration results. Hi.stologic e-xami- 
nation of cultures containing 1 mg. per cc. of penicillin showed that 

* To be reported. 
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fewer ameboid lymphocytes were present and there was an increased 
amount of degeneration of the granulocj^tes. The larger phagocytic 
cells were rounded up and showed varying degrees of cellular dis- 
integration. These degenerative changes are the same as those 
observed with a number of other toxic agents and are more or less 
nonspecific in character. No change was observed in erythrocytes 
present in the explants treated with penicillin. 

Table 2. — Effect of Penicillin on Migration of Lymphocytes 


Average migration, 
controls, 
ocular units* 

Average migration, 
cultures containing 
penicillin, 
ocular units* 

Variation 
from controls, 
% 


200 pg. per cc. 


25S 

256 

-1 

202 

219 

+8 

219 

225 

+ 3 

219 

207 

-5 

199 

188 

-6 


SOO /ig. per cc. 


228 

223 

-2 


1000 pg. per cc. 


276 

200 

-28 


2000 pg. per cc. 


210 

103 

-51 


* 135 ocular units = 1 mm. 

Italic values show significant variation from controls. 

Comment. Although gramicidin and tyrocidine are lethal for 
laboratory animals when given intravenously, clinical experience 
with the local use of these products Avould indicate that their 
toxicity for tissues is small.^ From this study it appears that 
gramicidin is more toxic than tyrocidine; however, there is a vude 
range between the amount of gramicidin that would cause tissue 
damage and the amount effective against most Gram-positive 
cocci found in infected ivounds. Henle and Zittle® reported that 
gramicidin was more active than tyrocidine in decreasing the 
respiration and motility of boidne spermatozoa. This agrees with 
our results. It appears from available data that gramicidin is more 
toxic for mammalian tissues than tyrocidine as well as more bacteri- 
cidal for Gram-positive bacteria and more destructive for erythro- 
cytes. 

The results of this study also shed some light on the question 
AAdiether or not tyrothricin should be fractionated for clinical use. 
Since gramicidin is more cytotoxic than tyrocidine, there Avould be 
little advantage in using purified gramicidin for the purpose of 
avoiding toxicity. Tyrocidine aids in keeping gramicidin in sus- 
pension and also inhibits Gram-negative bacteria on which grami- 
cidin is said to have little effect. However, research now in progress 
indicates that there may be other reasons for using purified grami- 
cidin under certain conditions. 
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The remarkably low tissue toxicity of penicillin has already been • 
well demonstrated in the work of Fleming- and of Florey* and his 
coworkers. Our results confirm their obserx'ations. 

Conclusions. Gramicidin is more toxic than tymcid'me for cells 
migrating from explants of mammalian lymph node. However, the 
amount of gramicidin necessary to produce a toxic effect was large 
compared with the amounts necessary to kill most Gram-positive 
cocci. 

Penicillin is approximately one-tenth as toxic by weight as 
gramicidin when studied in the same preparation containing explants 
of IjTOph nodes. 
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ORNITHOSIS (PSITTACOSIS) 

A Report of 3 Cases, and A Historical, clinical, and 
Laboratory Comparison With Human Atypical 
(Virus) Pneumonia 

By Cutting B. Favour, M.D. 

RESIDENT PHYSICIAN. PETER BENT BRIGHAM HOSPITAL 
BOSTON, 3IASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital and the Department 
of Medicine, Har%'ard Medical School) 

It has been customary to divide acute pneumonitis into lobar 
and bronchopneumonia. Lobar pneumonia is usually associated 
with the lower numbered types of pneumococci; whereas broncho- 
pneumonia is due to various microorganisms, either by primary 
bacterial invasion or secondary to operations, chronic disease, or 
acute systemic infection, such as measles, influenza or tular- 

emia.-"-.«.»sd5 

In the past few years, however, attention has been directed to 
a new form of bronchopneumonia not accompanied b3" secondary 
bacterial infection. It is believed that this pneumonia is due to a 
virus and it has variously been called atx'pical bronchopneumonia, 
virus pneumonia, pneumonia variety X, and so ® 
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3.f,3n,.-!7..i7,53,5],5a,r;7 ]\'£i^ie]) confusion has arisen over its etiology, clinical 
picture, and the pathologic process going on in the lungs. In the 
last year our attention has been called to this confusion because 
of the number of these cases on the wards of this liospital. Three 
cases, 1 mild, 1 se^"ere, and 1 yery severe we have been able to 


identify as probable ornithosis (psittacosis) by the complement- 
fixation test. Other cases running parallel clinical courses, but not 
due to the virus of ornithosis, suggested close similarities between 
ornithosis and atypical pneumonia. A brief review of the literature 
substantiates this finding. It is a presentation of these likenesses 
which forms the basis of this report. 

History of Ornithosis. As early as 1879, Ritter^ in Switzerland 
described 7 cases of an unusual pneumonia (with the postmortem 
findings on 1) which occurred after contact with tropical birds. 
The illness was characterized clinically by a typhoid-like course 
with an unusual bronchopneumonia. On pathologic examination, 
the pulmonary ah’^eoli seemed to be filled with desquamating res- 
piratorj'^ epithelium. Sporadic cases continued to be seen in Europe, 
but not until 1892 did the disease assume clinical importance. In 
that year two bird importers, Marion and Dubois, started from 
Buenos Aires with 500 parrots.^® En route 310 died, each importer 
arriving in Paris with 95 birds. Marion went to live with bis brother, 
and shortly thereafter both developed a pneumonia from which 
the brother died. Dubois likewise developed pneumonia and 
recovered, but 7 members of his landlord’s family died of pneumonia 
and numerous neighbors were infected. Dujardin-Beaumetz^® was 
assigned to study the new disease and arrived at the conclusion that 
it was a grippal infectious pneumonia. Nocard^® isolated from the 
bone marrow of a dead parrot a bacillus of the enteric group, which 
lie considered the causative agent. Not until another epidemic in 
Paris in 1894 did the disease receive a specific name. Morange^® 
established the parrot as a vector and called the disease “ psittacosis” 
after the Greek ipirraKo^ (“psittakos”), a parrot. 

Psittacosis has occurred sporadically in other countries. Cases 


were reported in Italy in 1895,'*- in the United States in 1887® and 
1904,®® in England in 1892,'® and in Germany in 1909.^ In 1920 the 
concept of its bacterial etiology ivas revived by Perry,"*® who found 
Bacillm aertrycke in healthy parrots. This organism was culturally 
and serologically the same as Nocard’s bacillus. In general, how- 
ever, no definite etiologj' was known and the disease was regarded 


as rare. 

Eyidemic of 1929. During the summer of 1929 an epidemic of 
atypical pneumonia broke out in Cordoba, Argentina.® Cordoba 
is the scene of an annual fair where bird dealers congregate to buy 
jiarrots imported from Brazil and Paraguaj". In 1929 there were 
many sick and d,^•ing birds in the displays visited by the town folk. 
So many townsmen beeame ill that the dealers with their birds 
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moved to nearby Tucuman. Again the pneumonia folloived, and 
the dealers moved on, causing still other epidemics. Eventually 
many of these birds found their way to Europe and to this country. 
The clinical features of the Argentine epidemic were those which 
had previously marked this illness; headache, lassitude, a rapidly 
rising temperature, vomiting, delirium, intense thirst, a relatively 
slow pulse, a non-palpable spleen and variable forms of pneumonia 
associated with a dry spasmodic cough. 'When the epidemic came 
to England, Thompson reported the first 4 cases, and in 1930 
outlined the first modern clinical picture of the disease.'^'= With 
current laboratory techniques Bedson, Western, and Simpson’® 
were able to isolate a filterable virus both from sick parrots and 
from patients. This virus was infectious for hens, parrots, and 
budgarigars, but not for pigeons or guinea pigs. 

Following the shipment of several large orders of parrots to 
New York pet dealers, human infections began to appear in this 
country.® During the winter of 1929-30, 169 cases with 33 deaths 
(19% mortality) were reported. The U. S. Public Health Service 
found 74 foci in 15 states, 16 additional laboratorj^ infections with 
2 deaths, and 12 further cases on ships carrjdng parrots. In 55 foci 
parrots were vectors, and parrakeets, love-birds, canaries, and a 
variet 5 ’ of psittacine birds in the others. Infected birds had been 
imported from Brazil, Colombia, Cuba, Nicaragua, Honduras, 
Trinidad, Salvador, Mexico, Germany, and Japan. In addition, 
psittacosis was reported in Argentina, Algeria, Germany, Austria, 
Holland, Czechoslovakia, Denmark, Switzerland, France, Spain. 
Portugal, Canada, and the Hawaiian Islands. Some idea of the 
size of the bird industrj'^ at this time can be gained by the importa- 
tion figures for 1929. In that year about 50,000 birds of the parrot 
family and about 350,000 canaries were brought into the 'United 
States. 

Psittacosis Control. The relatively high mortality attracted 
great publicity, and in January 1930, an embargo by executive 
order was placed on the importation of parrots.®* In 1932 shell 
parrakeets, Amazons, love-birds, Mexican doubleheads, African 
grays, cockatoos, macaws, lories, and all similar birds were added 
to the embargo. Despite these measures, psittacosis became endemic 
in the aviaries of California, and new infections continued to occur 
after contact with acute or latent infections in these home-grown 
birds. In 1933 IMeyer found as many as 60% of the birds in some 
breeding lofts to be infected.’*®® By rigid restrictions on interstate 
shipments from the breeding aviaries, the epidemic was gradually 
controlled. During 1932 there were 75 cases with 7 deaths; in 1933, 
15 cases with 4 deaths; and in 1934 one localized epidemic in a 
Pittsburgh department store, following the arrival of a shipment 
of infected parrots and parrakeets, causing 35 cases and 10 deaths.^ 
Since that time onl}* sporadic cases have been reported. 
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Psittacosis Since 1932. Meyer and liis group took up the study 
of the ecology of psittacosis and found that human infections could 
be traced to canaries as well as to psittacine species.^^ Ruys reported 
finches as the source of human cases, and Haagen and Mauer^^ 
implicated the arctic fulmar, a sea bird, as a reservoir for human 
ornithosis. Five orders and multiple species, including the chicken, 
dove, and many types of finch, are now known to be infected.'*^®'*’ 
More recently, domestic pigeons have been found to harbor the 
virus as a latent infection^^**'®® In addition, the National Zoo in 
Washington has reported psittacosis in its birds.®® It is because of 
these multiple hosts that Meyer^®® has suggested “ornithotic” 
pneumonia as a more appropriate term. 

Ornithotic Infection Chains. From the studies of Meyer^®'^'* and 
Burnet,“-^^ it appears that the virulence of the different psittacosis 
strains is related to the duration and stability of the host-parasite 
relationship. In Australia, the main theater of parrot evolution, 
this relation has reached a highly developed stage of “symbiosis.” 
The virus is easily transmitted to new generations of birds, usually 
while they are young; it maintains itself most often as a latent infec- 
tion, and there is a low degree of virulence for heterogeneous hosts. 
For this reason it is only after numerous passages that the Australian 
strains can be made mouse-virulent, whereas European and Ameri- 
can psittacosis are readily transmitted to mice. The clinical expres- 
sion of this phenomenon is the rarity of human cases of psittacosis 
in Australia compared with its relative frequency in America and 
Europe. 

There is also a wide variation in host susceptibility. In the Java 
rice bird, once infection is established, the mortality is 95%, while 
the infected fulmar or parrot may readilj^ survive and become a 
healthy carrier. Rice bird droppings are relatively non-infectious. 
Those of the fulmar, parrakeet, or parrot, contain the virus in large 
amounts, and may be responsible for respiratory or enteric invasion 
in birds and for respiratory invasion in man. This is of practical 
importance in collecting epidemiologic data. When canaries, finches, 
and hens are suspected, the contact is direct, as in handling infected 
birds. When psittacine birds, fulmars and pigeons, are involved, 
the contact is usually by dust. 

Age and environment are additional factors in ornithosis infection 
chains. Children and adult birds are more resistant to the disease. 
Crowding and exposure will activate latent infections and start new 
epidemics. The U. S, Public Health Service first noticed that a 
change of weather or a change of locality precipitated active psit- 
tacosis infection in birds carrying the disease.-® Burnet and 
MacNamara’® found that crowding, poor lighting, and poor food 
activated latent psittacosis in cockatoos recently brought from the 
bush. Meyer^®“ produced 100% mortality in a group of infected 
parrakeets by simulating the conditions of a pet shop. ^Vhether 
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this is analogous to the greater incidence of human atypical pneu- 
monia in cold weather and in institutional groups invites specula- 
tion. 

Bronchopneumonias Other Than Ornithosis and Atypical Pneu- 
monia. To W. G. MacCallum®* we owe credit for the rebirth of the 
concept of interstitial bronchopneumonia. Working on the war 
pneumonias in 1918, he was the first to differentiate between the 
underlying interstitial bronchopneumonia of influenza and the 
changes VTought by secondary bacterial invaders. At that time 
the influenzal type of pneumonia was thought to be a new disease. 
This notion MacCallum brilliantly refuted. By historical data, as 
well as by actual section made from Civil War specimens preser's'ed 
in the Army Medical Museum, he brought evidence that these 
bacterial-invaded epidemic pneumonias were as ancient as wars 
themselves. Similar epidemics could be traced as far back as there 
were adequate clinical records available. The most interesting part 
of his work to us now is the clear-cut demonstration of an inter- 
stitial bronchopneumonia, sometimes only ^'cry little overrun with 
secondary bacterial invaders, and yet in itself fatal. These Mac- 
Callum observed in conjunction with pertussis, measles, and a 
variety of upper respiratory tract infections, and e\mn as a primary 
disease. ^%ere bacteria were not present in the tissues, the patho- 
logic changes were not unlike those seen in modern atypical pneu- 
monia. Bronchiolitis, areas of patchy atelectasis or ischemic 
infarcts, hemorrhage into the tissues, dense mononuclear exudate 
on and infiltrating through the bronchial surfaces, desquamating 
alveolar epithelium and thickened alveolar septa characterized the 
process. We now know that this type of pneumonia can be caused 
by the influenza virus.^^ Recentlj’’ Finland and his co-workers," 
and MichaeB^ have showed that the massive invasion of staphylo- 
coccic pneumonia may be secondarj' to an influenza virus infection. 

That other bronchopneumonias are due to the combined action 
of a virus and bacteria was suggested by McCordock,''” who found 
intranuclear inclusions in one-third of a series of autopsies on cases 
of pertussis bronchopneumonia. Rich^* also found inclusion bodies 
in the kidneys of such cases. Subsequently, by intratracheal inocu- 
lation in animals, iMcCordock and liluckenfuss” produced a similar 
pathologic picture, whether bacteria and ^’■accinia virus together 
or the virus alone were used. That much the same situation may 
occur in measles is suggested by Kohn and Koiransky,^ who found 
definite changes in routine chest plates taken in 130 cases of ordinary 
uncomplicated measles. 

Other Iniersiitial Pneumonias. More support is added to the 
virus origin of many of these pneumonias in the report by Waring, 
Neubuerger, and Geever*^® of 2 cases, 1 fatal, of uncomplicated 
chickenpox bronchopneumonia. We may not be able to implicate 
a virus always, however, for so-called “rheumatic” pneumonia-^''* 
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may show proliferation of the alveolar lining cells, a mononuclear 
alveolar exudate, ’s^ascular damage, and destruction of the small 
bronchi. Similarly, excessive radiation of the lungs®® both in 
animals and man may give rise to a form of interstitial pneumonitis. 

The ‘‘New” Disease. During the last 10 years a number of 
institutional outbreaks of atypical pneumonia have attracted atten- 
tion. In 1932 Bowen® observed 89 cases of a peculiar atypical pneu- 
monia occurring in the white troops in Hawaii, The illness was 
influenza-like, physical signs were minimal, and roentgenograms 
revealed a spotty pneumonia extending into the lower lobes. Since 
that time there has been a flood of clinical reports on a similar form 
of pneumonia, also showing a t 3 ’^phoid-like chart, and dispropor- 
tionatelj’^ few plij'^sical signs for the pneumonia so evident by roent- 
genogram, Epidemiologic study suggests that it is an air-borne 
infection, that infectiousness is high, and that clinical variations are 
numerous. It occurs most often in the fall and earl.y winter in close- 
knit or crowded populations. Fatigue, poor living habits, or under- 
lying chronic disease are predisposing factors. In jmung adults it 
is a mild disease of relativelj^ short duration, while in the older 
age groups the course is long and there are occasional fatalities, 
especially if there is a preexisting chronic ailment. Thrombophlebitis 
is the onlj'’ complication of the severe cases, 

A similar disease has also been reported in infants, children, and 
in adolescents, Adams^ and his group have reported inclusion 
bodies in a “primary virus pneumonitis” seen in infants. Both the 
lungs obtained at postmortem and throat smears taken in life con- 
tained these inclusions in a high percentage of cases, whereas con- 
trols were usuallj'^ negative. Using a wide variety of experimental 
animals, some not preidouslj'' tried bj'^ other investigators, and 
including the technique of serial passages, they were unable to 
isolate a virus. Wall’s excellent report®’ describes a similar pneu- 
monia in children. In this group the mortality was high. The 
course was that of a typhoid-like illness in which roentgenograms 
showed a shifting bronchopneumonia with paradoxical phj^sical 
findings, much as in ornithosis and adult human atypical pneu- 
monia. Daniels’® also described a mild form of atypical pneumonia 
in young girls, his cases differing in that there were no prodromata 
before acute onset. 

Bacteriology of Atypical Pneumonia. As we have seen, the virus 
of psittacosis was the first to be isolated.’"'® In 1937 Burnet and 
Freeman” recovered a rickettsia from patients with Australian Q 
fever. Later Smith®® showed that a potential Q fever reservoir 
existed in the ticks infesting the small animals of northern Australia. 
In 1940 Dyer, Topping, and Bengston’® recovered a rickettsia from 
the spleen of a fatal case of atypical pneumonia. D.ver’s rickettsia 
gave cross immunity reactions Avith both Burnet’s Q fever virus and 
that of American Q fever.” There was no cross immunity, however. 
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with known strains of typhus of Rocky IMountain spotted fever 
^•irus. The same year Eaton, Beck, and Pearson*® recovered from 
the lungs of 2 fatal cases of atypical pneumonia a psittacosis-like 
virus which was highly mouse-virulent, but had a low virulence 
for the rice-bird and would not produce a carrier state in either 
host. This would indicate a relativeh' homogeneous infection chain 
not full}' established in man. By complement fixation and mouse 
protection tests, Eaton’s virus was found to be antigenically related 
to psittacosis as well as to another virus isolated in 1938 from the 
throat washings of a febrile catarrh patient by Francis and Magill.®* 
Serologically it was distinct from influenza virus, from lymphocytic 
choriomeningitis virus, and from the virus of lymphogranuloma 
inguinale. In mice, ferrets, and monkeys, it produced an extensive 
pneumonitis on intranasal inoculation, and lymphocytic chorio- 
meningitis on intracerebral inoculation. In 1941 Harrop, Rake and 
Shaffer®® reported an atypical pneumonia occurring in laboratory 
personnel due to the Ijnnphogranuloma vdrus with which tliey 
were working. Using the complement-fixation test they found cross 
reactions in their sera between the virus of lymphogranuloma 
inguinale, psittacosis virus, the Eaton virus, and Francis and 
Magill’s meningo-pneumonitis virus. Five of 8 other cases of ordi- 
nary atjTiicai pneumonia studied by Harrop’s group had a positive 
Frei test. From the work of this group,®® it is now known that these 
viruses seem to have a similar tj'pe of developmental cycle, in some 
stages of which infectiousness is slight or absent, and in other 
stages of w'hich the filter-passing power diminishes. All have mul- 
tiple tropisms. In mice injected intracerebrally, they produce 
meningitis; intranasally, an identical pneumonia, and subcutane- 
ously, similar granulomas. Most recently, Stickney and Heilman*® 
have recovered another ornithosis-like virus from a patient exposed 
to chickens and presenting the clinical picture of human atypical 
pneumonia. 

jMany other workers, however, have not had the success reported 
above. Weir and Horsfall®* exhausted a long list of animals before 
finding that the mongoose was apparently susceptible to human 
atj'pical pneumonia. Adams and his group* were without success, 
using an even greater variety of animals. Similarly, Enders®® has 
inoculated the usual laboratory animals, including monkeys, by a 
variety of routes without success. Yet, despite these failures, tJie 
disease is readily transmitted from person to person. 

These results lead to interesting speculations. If it is true that 
bacteria-free atypical pneumonia other than ornithosis was not 
known before 10 years ago, one of the ornithosis viruses might be 
offered as the progenitor of human atypical pneumonia, having 
become so established as a result of the 1929-30 psittacosis epidemic. 
This presumes a very rapid adaptation in man. It is more likely, 
however, that atypical (virus) pneumonia is an ancient disease. 
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As in endemic Australian ornithosis, perliaps some strains of the 
Aurus of human atj^pical pneumonia are well adapted to homo- 
geneous human infection chains, while other strains, like the South 
American ornithosis virus, still require’heterogeneous hosts to insure 
their perpetuation, and therefore may be passed to experimental 
animals. 

Clinical Aspects of Ornithosis. Epidemiology. Normally the 
disease is contracted from sick or dying birds who show character- 
istic signs of the infection: cough, rhinitis, ruffled feathers, and 
sometimes diarrhea.® Carriers are able to transmit the disease 
when their infected droppings dry and are blown about as du.st, 
or if the birds are handled or allowed to feed from one’s mouth. 
Occasional cases of human to human transmission are on 
record.®® A second attack of psittacosis is also possible.^®^'®^ 

Incubation Period. The usual interval between exposure and 
acute onset is 10 to 14 days, with a range of 8 days (as in the case 
Hoge®® reports of a man bitten by a parrot) to 30 days.^®“'®^ 

Prodromata. The onset is that of a rapidly developing, general- 
ized infection with many findings characteristic of the typhoidal 
state. Within 1 to 3 days the temperature climbs rapidl}’- to 104° F, 
or more. There is general malaise, a severe headache, often occipital 
at first and later frontal, great asthenia, and frequently' the muscle 
aches of grippe. Nausea and vomiting occur, but diarrhea is rare. 
In the milder cases, epistaxis is present occasionally. 

Sigyis. During the early stage of the illness, the striking findings 
are a relatively slow pulse of 80 to 100, a temperature of 102° to 
105° F., mental torpor, a furred tongue, mild distention (in the 
more severe eases), and no localizing signs on examination. 

Laboratory Data. The initial white blood count is normal or 
low, with 65 to 90% segmented neutrophils. There is often a mild 
proteinuria. A moderately elevated sedimentation rate which rises 
during the course and non-specific bacteriologic findings in the 
throat, blood, and stool are the rule. Secondary' beta streptococcus 
sore throats or other infections may cause an elevated white count 
in their own right. 

Clinical Course. Three t.ypes of the disease are encountered: 
(1) The "S'ery mild ty'pe of infection, lasting from a few day’s to 1 or 2 
weeks, and occurring most often in adolescents and y’oung adults. 
The prodromata and onset may be the same as in the severe cases. 
Headache, malaise, muscle aches, an unproducti\'e cough, a negative 
physical examination, and minimal central pneumonia found by- 
roentgenogram characterizes the illness. With daily roentgenograms 
Rivers®" found that the hilar shadow appears with the acute symp- 
toms but is represented by phy-sical signs only' after the 3d day. 

(2) The typhoidal ty-pe, with variable pneumonic features, occurs 
most often in young adults and lasts 3 or 4 weeks. A dry cough 
and severe headache are the most prominent symptoms. Photo- 
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Case Reports. Case 1* (Fig. 1, Chart 1). L. J, (Med. 61028), a 41- 
3 ^ear-old houseAvife, Avas admitted to the hospital December 16, 1941, AAdth 
the complaints of malaise, headache and feA’-er of 2 Aveeks’ duration. She 
AA’as knoAAm to haAm rheumatic heart disease. Taa'o AA'eeks before coming to 
the hospital she noticed general muscle aches, malaise, sore es'^eballs and 
occipital headache. After 4 days the headache became postorbital, there 
Avas photophobia, and she deA^eloped a dr}--, hacking cough. On the 7th 
day the family physician found her temperature to be 101° to 103° F. 
Progressive asthenia, shortness of breath and orthopnea deA'-eloped, and 
on the 14th day auscultatorj’’ signs of pneumonia appeared in the chest. 
Because of this she aa'us sent to the hospital. 



Fig. 1. — Mild case of ornithosis; 14th day of disease. Roentgen film of chest. 

Physical Examination. The temperature Avas 103° F., pulse 96 per 
minute, respirations 25, and the blood pressure 112/74. The patient Avas 
flushed, perspiring freely and apparently acutely ill. Despite moderate 
orthopnea, respirations Avere quiet and free. The tongue AA-as coated and 
the pharjmx .slightl}'^ injected. The percussion note of the che.st Avas not 
altered; hoAvever, oA'-er the right upper lobe posteriorly there AA-ere increased 
])ectoriloquy, increased breath .sounds, and many fine crejfitant rale.s. The 
heart AA'as enlarged to the left, and at the apex there AA'as a Grade III 
systolic munnur. 

* Patient under the care of Dr. Harrj' Blotner; seen in consultation by author. 
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Laboratory Data. Urinalysis and stool examination were negative. The 
initial ’white count was 4700 (64% neutrophils). Four subsequent counts 
were below 5200 with a normal differential. The hematocrit reading wa.= 
21, hemoglobin 66% (Sahli), and the sedimentation rate 65 (Wintrobe 
uncorrected). The red cells showed a hypochromic microcytic anemia. 
Blood cultures were negative. Sputum showed no acid-fast organism.? on 
smear or 'pneumococci on culture. A Frci test the third week of the illness wa? 
negative. 

Course. On entiy, the patient was started on sulfadiazine. Gradually 
the temperature returned to normal, but not as promptly as is e-xpected 
with chemotherapy. The chest cleared correspondingly. On the 8th hos- 
pital day the blood sulfadiazine level was 24 mg, per 100 cc. The dose was 
cut, but by the De.xt day the urine output fell to 550 cc., the temperature 
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Ch.vKT I — Clinical chart. Case 1, 


rose slightly', a large number of cn'stals -were seen in the urine, and an 
erythematous, maculopapular, puritic eruption appeared on the anus and 
trunk. A repeat blood level at this time was 4 mg. per 100 cc. Within 2 
day.s the ra'^h was gone. Convalescence was uneventful. 

Epidemiology of Case. In the early part of October, 1941, about 2 month= 
before the patientV iUne=.s, her husband started a pigeon loft. Shortly after 
acrpiiring the .‘■econd pair of birds, one became ill with diarrhea. This bird 
wa‘; exchanged for a healthy king bird (pigeon). A week and a half later the 
family Pomerian developed anorexia, fever, the shakes, and a paroxy.'-mal 
cough ■which often promoted vomiting. Tlii.s illnass lasted 2 weeks. Two 
weeks later another pigeon was added to the flock, and although purchased 
from a different dealer it developed ruffled feathers, diarrhea, and what the 
l)atient thought was “whooping cough." Every day’ .slie went into the 
bird house to water the pigeons. The only contacts with the birds were the 
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clouds of dust they raised, which were often enough to drive her out in the 
open. _ Two weeks after the second sick bird showed symptoms, and when 
the bird itself had almost recovered, the patient noticed general muscle 
aches, malaise, sore eyeballs, and occipital headache. 

The establishment from which the second sick bird was purchased was 
visited by the author, but found to have gone out of business. The patient’s 
birds were set free on Christmas day by the husband in a fit of gloom over 
his wife’s long illness. The dealer who supplied the first sick bird was also 
visited and found to have a large outdoor aviarJ^ He explained that his 
birds were quite healthy, but that occasionally one would develop diarrhea, 
look seedy, and die. This usually took place in the fall and early winter. 
At the time of the A'isit, the early spring, all the birds Avere sleek. Never- 
theless, 6 pigeons, including 2 young ones and the thinnest birds to be found, 
Avere selected and their spleens removed. One adult spleen appeared to be 
about tAvice the normal size. Impression smears stained by Castaneda’s 
technique did not show inclusion bodies. The spleens Avere ground together 
and inoculated intraperitoneally in mice. So far, splenomegaly in an 
occasional mouse is all that passage seems to produce. 

On the 4th Aveek of the illness, and again 2 months after recovery, serum 
AA^as taken from the patient. The family dog and the husband Avere also 
bled. Dr. K. F. Meyer Avas kind enough to do complement-fixation tests for 
psittacosis on these samples. There Avas 4-t- complement fixation to a 
dilution of 1:64 on both of the patient’s specimens. The dog and husband 
Avere negative. This is consistent Avith a diagnosis of psittacosis in the 
patient. 

Summary of Case. The patient, a 41-year-oId houseAvife Avith 
rheumatic heart disease, came to the hospital 2 weeks after the 
onset of an illness characterized by headache, fever, malaise, Aveak- 
ness, and a dry cough. The temperature AA^as 103° F., pulse 96 per 
minute, and there AA^ere minimal signs of pneumonia in the right 
upper lobe. Roentgen ray confirmed the physical findings. The 
AAdiite count was ahvays beloAV 5200. There Avas a moderately severe 
hj^pochromic microcytic anemia. Routine bacteriology aa'RS nega- 
tive. Sulfadiazine had little, if anjq effect on the course, other than 
to produce a temporary oliguria, rash and fever. Recovery AA^as 
prompt without complications other than the concurrent cardiac 
disability. Serum sent to Dr. K. F. Meyer gave a diagnostic eleva- 
tion of complement fixing antibodies for psittacosis. 

Case 2 (Figs. 2, 3, 4; Chart 2). H. R. B. (Med. 61013), a 44-3^ear-old 
unmarried clerk, AA^as referred to the hospital December 12, 1941, b}^ his 
familj’- pltysician because of a pneumonia Avhich did not yield to sulfonamide 
medication. For an indefinite time the patient had been OA^erAA'orked and 
run doAAm. Thirteen days before entrj'^ there AA’as nausea, Ammiting, and a 
shaking chill lasting 10 to 15 minutes, folloAA'ed b}'- alternating chilliness and 
feA’’erishness. The next day a hacking, non-productwe cough set in, and 
on the 3rd day the patient’s doctor found auscultatorj" signs of pneumonia, 
for AAiiich he prescribed prontosil 3 to 4 gm. a da 5 ^ On the 7th daj* tlic 
temperature AA’as 103° F., the pneumonia unchanged, and for this reason 
sulfathiazole AA-as tried. It too had no 'effect, and on the 13th day the 
patient AA-as sent to the hospital. Throughout, a seA-ere frontal headaclie 
had been one of his most troublesome S3’mptoms. 

Examination. The temperature was 104° F., pulse 100 per minute, 
respirations 24, and the blood pressure 135/70. The patient AA’as mentalh' 
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confused, perspiring freely, breathing easily, and acutely ill. The slight 
exertion of moving or talking precipitated unproductive paroxy.smal cough- 
ing. A few pea-sized cervical lymph nodes were palpable. There was 
.siSusion of the conjuctivae, a furred tongue, and moderate inflammation 
of the pharynx. At the right base there ivas dullness to percussion, increase 
in tactile fremitus, bronchial breathing, and suppression of breath sounds. 
At both bases there were moist inspiratory^ and expiratory rales. The 
abdomen ivas distended. The hver and spleen could not be felt. Reflexes 
were physiological. 



Fig. 2. — Severe ornithosis (Case 2); 13th day of disease. Roentgen film of chest 

Lahoralory Data. Except for occasional microscopic hematuria, the 
urine remained clear. With a hematocrit of 44, the sedimentation rate vas 
48 mm. per hour 0^'introbe iincorrected). It remained in the oO’s during 
the first hospital week and was 30 in convalescence. The initial white 
count was 1.5,000 with 79% polymorphonuclears. Subsequent counts 
fluctuated between 7300 and 12,000, with much the same proportion of 
poliTnorphonuclears. The initial stool, which was liquid, gax'e a l-f guaiac 
test. Later specimens were normal. Blood, stool and throat cultures were 
non-contributory. A Frci test (Lygranum) on the 25th and 40th day« 
was negative. The chest Roentgen ray showed a soft hilar shadow extending 
into the base and a partial consolidation of the right middle and lower 
lobC'. A week later the right ba«e was clearing, and a fine granular mottling 
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suggesting edema was present in all but the left upper lobe. As this cleared, 
the left upper was involved. 

Course. The course was long and stormy. The high lever, relative 
bradycardia, characteristic cough, slight cyanosis, headache, and abdominal 
distention could only be treated symptomatically. Sulfadiazine was given 
without effect. The physical signs were always less than indicated by 
Roentgen ray. Rales did not disappear until the patient was afebrile. At 
the end of the 2d hospital week a basilar friction rub was heard bilaterall}’’ 
for a short while. Convalescence was complicated by a thrombophlebitis 
with persistent varicose veins requiring an Ace bandage. 



Fig. 3. — Case 2; 16th day of disease. Roentgen film of chest. 


Eindemiology of Case. For 3 ’^ears the patient had kept bachelor quarters 
on Beacon Street with a friend who had bronchial asthma. Within the last 
j'ear the roommate had not had any acute illnesses. During the past 5 j’^ears 
the two bachelors had had a trained canarj”- in the house, who at t'mes 
was allowed to flj'’ about the room, to walk up their anns, and to take food 
from their mouths. About a year ago the bird also developed asthma, and 
soon after a cj’^st appeared over one eye. The tumor enlarged graduallj’’, 
and in the first week of November, 1941, the bird developed greater wheez- 
ing, a cough, diarrhea, ruffled feathers, and died. The patient cremated the 
canarj'^ and cleaned the cage approximateh’- 3 weeks before the onset of 
his illness. A week after the canarj’- died" the patient purchased 2 nev 





Fic. 4 — Case 2; 19th day of disease Roentgen film of chest 
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canaries. These were always healthy, and the pet shop from which the}'- 
came gave no historj’- of sick birds. Subsequently the birds were sent to the 
National Institute of Health in Washington, where no evidence of infection 
was found. 

Serum was collected from the patient and from the roommate on the 14th 
and 43d days of his illness. These samples were sent to Dr. K. F. Meyer in 
California, who reported 4+ psittacosis complement fixation to a dilution 
of 1:128 and 1:256 on the patient's sera respectively, and 1 :8 on that from 
the roommate. The patient’s high titer is good evidence that his illness 
was psittacosis. The low titer in the roommate indicates a latent infection. 

Summary of Case. This 44-year-old clerk came to the hospital 
after 13 days of an acute illness beginning with severe headache, 
shaking chills, a hacking non-productive cough, nausea, vomiting, 
and developing into a pneumonia which would not respond to 
sulfonamides. He had disposed of a dead canary 3 weeks before 
symptoms. There ivas a stormy course lasting a month, during 
which time a migrating pneumonia was the most important finding. 
The white count was moderately elevated and the bacteriology 
negative. Abdominal distention, mild delirium, cyanosis, persistent 
high fcA^er, with at first a relative bradycardia and later a tachy- 
cardia, and a non-productive cough characterized the course. Con- 
valescence was complicated by thrombophlebitis and persistent 
varicose veins. A high and rising titer in his serum and a low titer 
in his roommate’s serum of psittacosis complement-fixing antibodies 
confirms the diagnosis of active psittacosis in the patient and a latent 
infection in his friend. 

Case 3 (Figs. 5, 6, 7; Chart 3). M. C. B. (Med. 59613), a 41-year-old 
married, colored postal clerk, was admitted to the hospital May 2, 1941, 
with the complaints of headache and fever of 5 days' duration. During the 
evenings the patient worked as a postal clerk and during the days attended 
law school, studied, and slept. For the 2 weeks before coming to the hos- 
pital he had assumed the additional burden of preparing for a civil service 
examination. Six days before entr}'- the patient went to the beach without 
warm enough clothing. That evening he developed a severe headache, and 
by the next das’- complained of general malaise and a shaking chill. From 
the 2d to the 4th days before coming in there V'as progressive Aveakness, 
malaise, and finally chills and fever. Despite these symptoms the patient 
remained ambulatory, and on the night before hospitalization took the 
examination for Avhich he had been preparing. During this time cough was 
negligible and sputum scant3^ However, headache and burning behind 
the eyes Avere severe. 

Examination. The temperature AA'as 104.6° F., pulse 92 per minute, 
respirations 24, and blood pressure 130/85. The patient appeared onlj' 
moderatel}’- ill. Respirations Avere free and painless. SeA^eral small shotty 
Ijnnph nodes Avere palpable in the anterior cerA’ical triangles. The nose 
AA’as clear, the tongue furred, the pharjmx negative, and the neck supple. 
OA'er tlie upper right lung posteriori}’- there Avere diminished breath sounds 
and a feAv fine r&les. The lieart AA'as nonnal. The spleen could not be felt, 
but the Iwer A\'as palpable 2 fingers beloAv the costal margin. The abdomen 
AA’as mildly distended. Neurologic examination aa’ss normal. 

Laboratory Data. The urine showed 14- acetone in the first sjAecimen 
and from 0 to 24- albumin in many subsequent specimens. One to tA\-o 
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white cells were seen in the sediment on several occasions. The hematocrit 
reading was 48, later falling to 43, hemoglobin 16.3 gm., and the sedimenta- 
tion rate 13 mm. per hour (Wintrobe uncorrected). On admission the 
white count was 10,000 witli 85% polymorphonuclears. At the height of 
the illness it rose to 16,000 with 95% ))oljmiorphoncuclears, and in defer- 
vescence was 9000 with 85% polymorphonuclears. Stool, urine, and blood 
cultures were non-.specific. Agglutinations with B. iidarense, suipestifer H, 
typhoid (H and 0), paratyphoid B, proleus X19 and OXIC, and brucella 
antigens were negative both at 1 and 4 Aveeks. Lung puncture material and 
.spinal fluid Avere sterile aerobically and anaerobically. Intraperitoneal 



Fio. 5.— Probable ornithosis (Case 3); 7th day of disease. Roentgen film of chest. 


inoculations of sputum into mice and guinea pigs produced no disease in 
these animals. The total proteins during the acute phase of the illness AATre 
7,5 gms. per 100 cc. A Frei test early and late in the disease Avas negaj;ive. 

Course. During the first Aveek the temperature persisted 'at 105 r-J 
there Avas a relative bradycardia, scA’ere headache, and a progressive toipor 
Avith accompanying stiff neck. Cou ’ '' 'ent. Several lumbar 

punctures at this time rcA-ealed ! ■ . The dia^osis oi 

pneumonia Avas confinned by Roentgen ray, Avhich shoAved a broad rone oi 
consolidation involA-ing the loAver portion of the right upper lobe. Abdominal 
distention Avas combated Avith difficulty. Sulfathiazole had no , 

the height of the illness a thoracentesis jdelded 10 cc. of clear sterile noia, 
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and 3 days later a lung puncture was equally negative, both by culture 
and inoculation into mice. Sulfapyridine was then tried, but was also 
without effect. The pulse rose, and tachycardia persisted throughout con- 
valescence. With the onset of a fast pulse recovery began, and bj'- the 
19th hospital day the temperature was normal. 

From the beginning, the physical chest signs were always less than the 
Roentgen ray findings. At no time Avas there absolute flatness nor was 
there frank tubular breathing, although the paradoxical signs of fluid led 
to a relatively dry chest tap. Clearing was a gradual process with rales 
persisting until the temperature was normal. The spleen was never felt 



Fig. 0. — Case 3; 10th day of disease. Roentgen film of chest. 


and the liver receded ivith recoA^e^^ Repeated Roentgen rays revealed a 
spreading pneumonia confined chief!}’- to the right lung field. Recoveiy 
Avas uncomplicated, and noiv, a year later, the patient is quite ivell. 

Epidemiologii of Case. No historj’- of pets, birds, or animals as contacts 
could be found, nor Avas a person-to-person infection chain eA’ident. Serum 
taken 2 Aveeks after deferA^escence was found to haA^e a positiA’e complement 
fixation for psittacosis 4-h l:Sand3-l- 1:16. Serum taken 11 months 
after infection at AA'hich time the patient was in excellent health had a 
psittacosis complement-fixation 4-1- 1:64. This is suggesth'e of psitta- 
cosis. 
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Summary of Case. This 41-3'-ear-old postal clerk came to the 
hospital on the 6th day of an acute febrile illness characterized by 
persistejit sulfonamide-resistant temperatures of 305° F., a relative 
bradycardia, a large area of consolidation in the right lung, a white 
count of 10,000 with 85% polymorphonjiclears, and no cough or 
sputum. Extensive laboratory work did not implicate any of the 
usual causes of acute pneumonia. The course was stormy with a 
high white count and tachycardia during convalescence. Serum 
taken after recover}'- contained a significant titer of complement 
fixing antibodies for psittacosis. 

Discussion. During the IJ years in which the above cases of 
ornithosis were observed, we have had more than 12 cases of human 
atypical pneumonia, representing all the clinical types of the group 
from the rapidly fatal fulminating infection to the mild case with 
an unsuspected patch of consolidation found onl}'- on Roentgen ray 
examination of the lungs. In every case it has been possible to match 
the clinical picture and course of these human atypical pneumonias 
with that which has been outlined for psittacosis. The same parallel 
is evident in the larger series reported by Murray, Longcope,®’ 
Reiman,®^ and others. 

Except in localized outbreaks where contacts are known, atypical 
(virus) pneumonia seems to be a sporadic infection arising unher- 
alded, as though either the patient himself had a latent infection 
which was activated by unfavorable physical or environmental 
conditions, or the disease was transmitted by carriers who them- 
selves had onl}' a mild headache or a simple afebrile tracheobronch- 
itis. Again and again we have been impressed by the history of 
another member of the family having an episode of headache and 
dry cough 2 to 3 weeks before the patient became acutely ill with 
atypical (virus) pneumonia. It is also of interest that the fall and 
early winter are the most common seasons of attack of both pneu- 
monia and the non-bacterial tracheobronchitis. This is entirel}' 
analogous to the frequency of ornithosis infection in birds with the 
onset of the cold weather, when the disease is activated in carriers 
and new and more fulminating infections begin to appear in other 
birds. 

Where the incubation period of “atypical pneumonia” is 
known,®® the range is 7 to 21 days, with a usual time of 11 to 
14 days. This is identical with the incubation period for ornithosis. 
We know also that infectiousness in virus pneumonia may be as 
great as in ornithosis. Nurses have been known to come down with 
atypical pneumonia 2 weeks after working one da.y on an isolation 
ward with atj’pical pneumonia patients, where masks, gowns, and 
goggles Avere routinely worn for protection.-^ Siinilarl}’, ward 
patients in the next bed, doctors, and Roentgen ray technicians 
have been infected after brief contact Avith a case of atypical pneu- 
monia .-i-®" 
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The prodromata of “atypical pneumonia are the same- 
as those for ornithosis. In atj-pical pneumonia there is usually :i 
1- to 3-day onset with malaise, chilly sensations, or occasionally a 
frank shaking chill. Cough may initiate the illness and often there 
is minimal coryza with occasional epistaxis. Nausea, vomiting, and 
diarrhea are uncommon. Acute sjmiptoms are preceded by a rapid 
rise in temperature to 104° F. with a relative bradycardia. A hacking 
cough and severe headache are almost constant symptoms. 

The signs of “atypical pneumonia” are the same as those of 
ornithosis. A typhoidal languor, photophobia, conjunctival suf- 
fusion, and mild coryza are usually present. The tongue is furred, 
and unless there is a superimposed streptococcal pharyngitis, the 
throat is benign. Occasionally glandular enlargement, rashes or a 
meningitis are seen. Much the same early signs are characteristic 
of ornithosis. 

The comparison is equally good between the laboratory data in 
the two conditions. In “atypical pneumonia” the white count is 
low or normal, with 70 to 90% segmented neutrophils. Initially 
there may be a mild albuminuria and a low sedimentation rate. 
During the course the sedimentation rate rises to 30 or 40 mm. 
per hour. Routine cultures of the blood, throat, stools, sputum, 
and throat washings usually do not yield any pathogenic organisms 
in abundance. If the course is rapidly fatal in either ornithosis or 
atypical pneumonia, the white count may be 20,000 or more, as 
we observed in one of our atypical pneumonia patients who died on 
the 11th daj'. 

The cases of either disease may be classified into 3 general clinical 
tj'pes of severity. There are the verj" mild infections^’^ lasting 1 to 7 
days, occurring in young adults and characterized bj’’ malaise, 
muscle aches, headache, and a variable amount of non-productive 
cough. Physical examination is negative the first 3 days, although 
a Roentgen ray of the chest will show a central pneumonia. A few 
chest findings may appear on the 4th day, or the patient may 
recover without developing the signs of pneumonia. Sometimes the 
atypical pneumonia patients show an elevation in the white count 
to 17,000 or more during recovery. In ornithosis it does not often 
rise to as high a level. 

The more se^•ere type of infection, common in the older age 
groups, with both “atypical pneumonia” and ornithosis the cause, 
maj' run for one or more months. In each disease there is a typhoid- 
like state and a migrating pneumonia, a high temperature with 
minor fluctuations, and a tendency to relapse. Usually children 
under 10 do not contract ornithosis on exposure; however, atypical 
pneumonia has been described as a severe childhood infection and 
is especially fatal in infants. In both diseases relative bradycanha 
for the first week or more, later giving way to a normal or fast 
pulse, constipation, and distention, are consi.stent findings. Languor. 
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severe headache, and a paroxysmal dry cough persist throughout. 
The pneumonia in both diseases is alike. It is a central, patchy, 
migrating pneumonitis, usually giving fewer physical than Roentgen 
ray signs. The density is either a fine mottling, an atelectasis, or 
frank consolidation. Cyanosis out of proportion to the area involved, 
and asthmatic episodes, often complicate the picture. 

The third type of “ atypical pneumonia,” characterized by either a 
rapidly fatal spreading pneumonia with dense consolidation or a 
long course with a predilection for the age extremes or those with 
underlying chronic disease, and characterized by a migrating pneu- 
monia and high fever, is similar to the very severe form of ornithosis. 
A variety of bizarre manifestations maj'^ also be present in atypical 
pneumonia. Migrating polyarthritis, erythematous skin eruptions, 
jaundice, hematuria, fibrinous pericarditis, general glandular en- 
largement, encephalitis, and thrombophlebitis occur. In all types 
of both ornithosis and atypical pneumonia it is interesting that 
the Roentgen ray changes may persist from a few days to weeks 
after the patient becomes afebrile. 

Pathologically the findings in “atypical pneumonia” are very 
similar to those of ornithosis and other known virus pneumonias. 
It is as if the body tended to respond in a similar manner to a 
variety of closely related but distinct pathogenic agents. Grossly 
the lungs in atj^iical pneumonia may show loose adhesions con- 
necting the lobes and a fibrinous exudate over the visceral pleura. 
A patchy consolidation resembling confluent lobular pneumonia, 
areas of atelectasis, or what appears to be pulmonary edema, may 
be present. The small bronchi contain a thick mucopurulent exudate 
consisting chiefly of pol^^morphonuclear leukocytes, and show con- 
gestion of their mucosa. The early lesions are a hemorrhagic alveo- 
litis and an interstitial bronchitis and tracheitis, with squamous 
metaplasia and segmented neutrophilic infiltration in the bronchi, 
and a mononuclear response in the alveoli. These are almost identical 
with the findings in ornithosis. In the later stage of atj^pical pneu- 
monia, the septa become thickened by rows of mononuclear cells 
about the alveolar periphery, which infiltrate the septal walls, as 
well as by a tendencj'^ to organization with fibroblastic and endo- 
thelial cell proliferation. The most interesting findings of atypical 
pneumonia are vascular and perivascular lesions in the lung capil- 
laries and in the medium-sized branches of the pulmonary arteries, 
showing a neutrophilic, mononuclear, and eosinophilic infiltration, 
reminiscent of periarteritis nodosa. 

Two of the patients presented in this report had a high titer of psit- 
tacosis antibody in their immediate convalescent serum. The third 
had a convalescent titer which was moderate, and well may represent 
a cross-reaction so common in this general group of infections. The 
same complement-fixation test for psittacosis has been done on most 
of our other “atypical pneumonia” cases, and in all cases there has 
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either been a negative reaction, or at most positive fixation in 
dilutions of 1:2 during the late acute phase of the illness. None 
have shown a rise in titer nor positive fixation during convalescence. 
Other serologic procedures are needed in studying this tj^pe of 
infection to detect the presence of latent infections as well as out- 
spoken cases of human “atypical pneumonia.” Only then will it 
be possible to show how endemic in man is “atypical pneumonia” 
and what can be done to control it. 

In the absence of such tests we must continue to classify broncho- 
pneumonias as primary bacterial, mixed bacterial and interstitial, 
and interstitial (or “atypical pneumonia”). Before the clinical 
differentiation of a group of pneumonias similar to psittacosis, 
most bronchopneumonias were lumped together as the same disease 
process. Now there is considerable doubt whether some of those 
cases, from which the high numbered types of ■pneumococci are 
recovered and in which there is only a moderately elevated white 
count, are simple bacterial bronchopneumonias, especially when 
chemotherapy has little effect. ^Vhat they probably represent are 
various combinations of bacterial and virus invasion, much as is 
the case with influenza. In any one patient there may be a pre- 
dominance of the bacteria or of the virus. It is not unusual for 
mixed as well as pure interstitial bronchopneumonias to be incited 
by conditions which lower the state of physical fitness, such as 
operations, chronic diseases, great fatigue, or other acute illnesses, 
much as the change of seasons brings out orinthosis in birds or 
atj^pical pneumonia in man. The practical point is to limit sulfona- 
mide therapy to cases where there is significant secondary bacterial 
invasion, since it is not effective in either ornithotic or human 
atypical pneumonia. 

Within the group of atypical pneumonias themselves great con- 
fusion has arisen from the failure of simple or extensive laboratory 
techniques to reveal a single etiologic agent. Recently, however, 
serologic work had tended to relate the several different viruses 
which have been isolated from human cases. Our new knowledge 
of the ecology of ornithosis has suggested an ecology of atypical 
pneumonia in man. Except for a demonstration of latent atypical 
pneumonia infections, the two diseases are similar. Some strains 
are high in infectivity, mortalitjq and ability to take on a hetero- 
geneous host, while others may infect only the age extremes or the 
chronically ill and will not take on any other known host. It is 
just as significant that good workers are unable to isolate a virus 
pathogenic for laboratory animals in many human patients as it 
is that in other patients they have found 4 or 5 related viruses, all 
capable of producing the same disease picture. 

The cases presented in this report are also of interest because a 
variety of animal inoculations did not differentiate ornithotic 
pneumonia from the human type of virus pneumonia. If we had 
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not had the assistance of Dr. K. F. Meyer’s laboratory, where the 
psittacosis complement fixations were done, all cases might have 
been regarded as human virus pneumonia. Furthermore, we would 
have missed the fact that ornithosis is probably much more com- 
mon than is suspected. It is significant that the history of bird 
contact, where found, Avas ah^^ays obtained several daj^s after the 
patient had been in the hospital, and was sought chiefly because 
the hospital staff had been awakened to the ornithosis problem by 
a visit from Dr. Meyer. 

Summary. 1. “Acute atypical pneumonia” is defined as a form 
of interstitial bronchopneumonia, not usually accompanied by 
secondary bacterial invasion, and characterized by bradycardia, 
headache, dry cough, low or normal white count, and failure to 
respond to the sulfonamides. While the term may well be used 
where no etiologic agents have been identified, when they can be 
isolated from cases of this type, thej'^ are found to belong to a related 
group of viruses. 

2. The first isolated example of this type of pneumonia is psitta- 
cosis or ornithosis. Its history is traced from its initial description 
in 1879, through the discovery of its virus etiology in 1930 during 
the international epidemic, to the ecologic investigations of the last 
few years. 

3. Interstitial pneumonia has been described in cases of influenza, 
measles, pertussis, and varicella, and in these instances may be 
due entirely to the action of either a virus or a bacterium, or fre- 
quently to a combination of the two. It has also been observed in 
the course of acute rheumatic fever (rheumatic pneumonia) and 
after irradiation of the thorax, and for that reason probably rep- 
resents a pathologic response to a number of types of pulmonary 
irritants. 

4. Comparison of the incubation period, symptoms, clinical 
course, pathologic and laboratory findings in ornithosis (psittacosis) 
Avith those in the human atypical pneumonia group rcA'^eals A^ery 
striking similarities. The results of virus studies and serologic tests 
in these diseases also indicate this close relationship. 

5. One probable and 2 definite cases of ornithosis obseiwed in the 
course of 18 months in Boston are presented. 

6. The frequency AAuth Avhich ornithosis virus may cause atypical 
pneumonia in man is emphasized. Careful questioning about con- 
tact AAuth A^arieties of birds known to harbor the Aurus, and com- 
plement-fixation tests on acute and convalescent sera should be 
performed in order to make the diagnosis. 

7. It is suggested that cases of human atypical pneumonia from 
AA'hich no etiologic agents liaA'e been isolated may be due to a virus 
of the psittacosis group AAdiich has become fixed in man and is usually 
incapable of heterogeneous parasitism. 

The author wislies to express his indebtedness to Dr. Charles A. Janeway for 
valuable suggestions and help with the manuscript. 
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THE ABSORPTION RATE FROM THE BONE MARROW 

Ba' Leo M. Meaner, M.D. 

AND 

Martin Perlmutter, M.D. 

BROOKLYN, N. Y. 

(From the Department of Medicine, Long Island College of Medicine and the Kings 

County Hospital) 

Since 1940 the introduction of blood, plasma and other fluids 
into the medullary caA'ities of the sternum and long bones has been 
used for the parenteral injection of such solutions. The A'alue of 
this procedure in cases of extensive burns of extremities, extreme 
shock AATth peripheral Avascular collapse, and in small infants has 
been reported by Tocantins and O’NeilP-® and Tocantins, O’Neill 
and Jones.® That the fluids injected are rapidly absorbed Avas 
shoAATi by the clinical improA’ement of the patients and also by 
experimental procedures, both in man and small animals. 

In 1934, JosefgoiP injected 4 to 5 cc. of Campolan intrasternally 
in cases of pernicious anemia and noted the reticuloc.Adosis and 
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improvement in the condition of his patients. In 1940, Tocantins' 
bled rabbits of 20% of their blood. One day later he injected an 
ccpial amount of blood into the marrow of the upper end of tlic tibia 
ancl found that the hemoglobin and red cells became normal in 
24 hours. In a second experiment he rendered rabbits convulsive 
by the intravenous injection of insulin. The injection of 20% to 
30% glucose into the tibial marrow produced a cessation of sj^mp- 
toms in 2 minutes. In a third experiment the author put one needle 
into a rabbit’s heart and a second one into the tibia. Congo red 
solution was injected into the tibia and within 10 seconds the dye 
was found in the plasma from the heart's blood. Macht,' using 
dogs, cats, rabbits, guinea pigs, rats and mice, showed that the 
effect of intramedullary injection of a large group of drugs Avas rapid, 
as indicated bj' their characteristic systemic effects. Tocantins, 
O’Neill and Jones® also proved the rapid absorption of chemicals 
and drugs from the marrow by injecting Diodrast and obtaining 
Roentgen ray cAudence of this dye in the renal pelves of children 
5 minutes later. 

The patliAvay for the exit of solutions injected has also been in- 
A'estigated in man and animals. Benda, Debray and Bournee' in 
1937 injected the femurs of guinea pigs Avith a radiopaque solution 
and demonstrated its generalized dissemination in all major blood- 
vessels. In 1940, Tocantins' injected mercury into the tibial mar- 
roAv of the rabbit and noted its appearance in the deep femoral vein. 
He also injected the same metal into the sternal marroAv of a cadaver 
and at subsequent autopsy found the material in the internal mam- 
mary veins. Benda, Orinstein and Depitre® performed a similar 
experiment using thorium in the cadaver and lipiodol in the Ha’C 
patient, and on Roentgen ray both solutions Avere seen in the internal 
mammary veins. Henwig® obtained the same result using an opaque 
dye. Tocantins, O’Neill and Price'® injected a rapidly hardening 
green solution into the sternal marroAv of the cadaver, and at 
autopsy found the material extending from the marroAV into the 
internal mammary A'eins and the right auricle. 

In the present experiment an effort Avas made to determine in 
actual time the absorption rate from the marrow as compared AA'ith 
the injection of the same substance into the vein. Circulation times 
Avere done by injecting 3 cc. of a saturated solution of saccharin into 
the median basilic A’eins of 24 subjects. The length of time required 
for the injection, the time elapsing from the beginning of injection 
to the onset of tasting as noted by the patient are recorded in Table 1 . 
The next step AA-as the injection of an equal amount of the same solu- 
tion into the sternal marroAV of these same patients soon after the 
intravenous test. The site of injection aa’us in the midline of the 
body of the sternum at the level of the third interspace. The mar- 
roAv Avas first aspirated in order to insure the presence of the needle 
at the proper site. As indicated in Table 1, the length of time re- 
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quired for the injection and the time elapsing from the beginning 
of the injection to the onset of sensation of taste were noted. The 
resistance to injection varied in different subjects. The complaint 
of pain did not vary Avith the resistance encountered in introducing 
the solution, and was worse in the more sensitive patients. In some 
instances the pain Avas apparently A'^ery severe, radiating from 
the sternum around to the back. No subsequent ill-effects were 
observed. 


Table 1. — Length op Time From Injection to Taste 

Arm to Sternum to 

tongue tongue 


Name 

Age 

Time 

to 

inject 

(sec.) 

After 

injec- 

tion 

(sec.) 

Time 

to 

inject 

(sec.) 

After 

injec- 

tion 

(sec.) 

Clinical 

diagnosis 

Resistance 

Pain 

0. C. 

56 

3 

13 

6 

12 

Cirrhosis of liver 

SI. 

SI. 

s. D. 

52 

6 

28 

7 

22 

Carcinoma of stomach 

SI. 

SI. 

J. D. 

76 

5 

20 

5 

18 

Gout 

None 

None 

S. F. 

59 

4 

15 

5 

18 

Pulmonary the. 

SI. 

Mod. 

L. N. 

55 

3 

13 

5 

13 

Obstructive j aundice 

Mod. 

Mod. 

L. G. 

41 

4 

15 

8 

15 

Bronchiectasis 

Mod. 

Mod. 

M. AV. 

45 

3 

15 

4 

15 

Pulmonary tbc. 

None 

SI. 

A. AV. 

42 

4 

15 

7 

15 

Bronchiectasis 

None 

Mod. 

H. AV. 

52 

3 

13 

7 

15 

Chronic alcoholism 

SI. 

Mod. 

E. L. 

62 

3 

14 

9 

17 

Osteoporosis of bone 

Mod. 

Mod. 

J. Y. 

48 

3 

20 

7 

22 

Peptic ulcer 

None 

Mod. 

M. AAA 

61 

3 

35 

5 

20 

Pyelitis 

None 

None 

R. S. 

49 

4 

14 

10 

15 

Gastric neurosis 

SI. 

SI. 

J. D. 

38 

3 

23 

8 

22 

Pulmonary tbc. 

SI. 

Mod. 

M. P. 

31 

5 

28 

13 

28 

Rheumatic heart dis- 

Mod. 

Mod. 

M. R. 

35 

3 

10 

10 

18 

ease (compensated) 
Chronic osteomyelitis 

Mod. 

Mod. 

L. B. 

33 

3 

28 

10 

23 

Cardiac decompensa- 

SI. 

SI. 

S. B. 

58 

3 

12 

0 

11 

tion 

Pulmonary tbc. 

SI. 

SI. 

R. H. 

24 

2 

13 

10 

14 

Acute tonsillitis 

Mod. 

Mod. 

T. C. 

53 

2 

13 

6 

8 

Pulmonary tbc. 

SI. 

Mod. 

A. N. 

61 

3 

24 

7 

24 

Cardiac decompensa- 

Mod. 

Mod. 

H. J. 

16 

3 

13 

13 

13 

tion 

Rheumatic heart dis- 

Mod. 

SI. 

J. B. 

23 

2 

13 

11 

11 

ease (compensated) 
Acute nephritis 

Marked 

Mod. 

G. D. 

57 

2 

23 

9 

12 

Cardiac decompensa- 

Mod. 

IMod. 

Average 


. 3.3 

17.9 

7.9 

17 

tion 




A survey of the results obtained indicates a distinct consistency 
in the circulation time for the individual subject. In 2 of the 
3 cases of cardiac decompensation which Avere selected, the circula- 
tion time from the marroAV AA^as less than by the intravenous route. 
Apparently the shorter distance the solution had to traA^erse when 
associated Avith a slowing of the circulation AA^as a factor in obtaining 
these results. The authors feel that these experiments are a further 
proof of the intimate relationship betAveen the bone marroAV and the 
venous circulation, and that this immediate absorption justifies the 
intramedullary route whereA-er the rapid administration of fluids 
is required and the solution cannot be conA^eniently given intra- 
A'enously. 

Conclusions. 1. A comparison aa’us made of circulation times 
using the intravenous and intramedullary routes and aa'us found to 
be essentialh' the same in 21 subjects. 

2. In 2 cases of cardiac decompensation the circulation time from 

VOL. 205, NO. 2 — rEDRn.vRV, 1943 7 
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marrow to tongue was less than by the venous route. In a third 
case the results were identical. 

3. These results are further proof of the intimate relationship 
between the medullarj' cavities and the general circulation, and 
warrant the use of intramedullary injection of fluids when venous 
channels are not readily accessible. 
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THE USE OF OUABAIN IN RAPID CARDIAC ARRHYTHMIAS 
By William I. Gefter, M.D. 

BESIDEXT IN MEDICINE, PHILADELPHIA GENEKAL HOSPITAL 
AND 

William G. Leaman, Jr., M.D. 

PnOFESSOn of medicine, woman’s medical college of PENNBA'LVANIA, visiting 
physician, PHILADELPHIA GENERAL HOSPITAL, 

PHILADELPHIA. PA. 

(From the Medical DiWsion, Philadelphia General Hospital) 

OuBAiN, first isolated by Arnaud in 1888, is approximately twice 
as potent as strophanthin.® 

As the use of strophanthin as a method of rapid digitalization m 
congestive failure and in rapid cardiac arrhythmias is ivell estab- 
lished, and as Batterman, Rose and De Graffs have reported on the 
use of ouabain in congestit’e heart failure, we have endeavored to 
evaluate tlie use of ouabain in rapid cardiac arrhythmias. Thirt.i- 
three patients from the wards of the Philadelphia General Hospital 
were studied. All had rapid cardiac arrhythmias, the ventricular 
rates ranging from 140 to 21 0 per minute. There were 2 cases of par- 
oxysmal auricular tachycardia, 4 of auricular flutter, 24 of auricular 
fibrillation, 2 of simple tachycardia and 1 of paroxj’smal ventricular 
tachycardia (Table 1). Nineteen of the patients were in congestne 
heart failure. Four additional cases in the series were cxcludcn 

* The authors are indebted to Dr. T. M. McMiilan, Dr S. BeUct, and Miss I • 
Ratner of the hospital Heart Station for valuable assistance, and to the visiting chic 
on whose services the patients were treated. 
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because of difficulty in evaluation. Thej’’ were extremely ill and all 
died within 5 hours after injection of ouabain. It is difficult to 
state whether or not the drug hastened or caused the demise of 
these patients. The general lack of toxic effects noted in the study 
makes the latter consideration unlikel3^ This, however, will be 
discussed later. 

Table 1. — Types of Arrhythmias in Various Heart Diseases Studied 



No. 

Paroxysmal 



Simple 

Paroxysmal 

Conges- 


of 

auricular 

Auricular 

Auricular 

tachy- 

ventricular 

tive 

Diagnosis 

cases 

tachycardia 

flutter 

fibrillation 

cardia 

tachycardia 

failure 

Arteriosclerotic 

. 9 

1 

1 

5 

1 

1 

5 

Hypertensive 

. 9 

t 

1 

7 



4 

Arteriosclerotic 

and 







hypertensive 

. 5 


1 

4 



3 

Rheumatic . 

. G 



6 



5 

Hyperthyroid 

. 1 


1 





Congenital . 

. 1 



1 



1 

No heart disease 

. 2 



1 

1 


1 

Total . . . 

. 33 

2 

4 

24 

2 

1 

19 


According to Wjmkoff and Goldring,’ ouabain produces an initial 
effect in from 5 to 20 minutes and a maximum effect in from 15 to 
50 minutes when given intravenous^. Thej’^ found that the larger 
the dose, the earlier the initial effect and the more delajTd the maxi- 
mum effect. These authors felt that there was a definite relation- 
ship between bodj^ weight and the amount of ouabain needed to 
produce a therapeutic effect, just as did Eggleston® regarding digit- 
alis. The response to ouabain, therefore, ma)’^ actuallj’- be even 
faster than that to strophanthin K. Speed is frequentlj^ an impor- 
tant consideration in view of the fact that rapid heart action, if 
untreated, is likely to result in congestive failure on the basis of 
inadequate diastolic filling of the heart. Minutes maj’^ be life- 
saving in A^alue in the presence of tlireatening pulmonarj’- edema or 
persistent cerebral anoxia. In some of the cases presented here it 
was definitelj’’ felt that immediate reduction of the cardiac rate was 
indicated. Levine and Cunningham® suggested that ouabain be 
injected intravenouslj'- in small doses, 0.4 mg. ever}'- 1 hour, so that 
there would be no danger of giving an excess of more than 0.1 mg. 
of the minimum toxic dose. These recommendations were based 
on studies in cats. Cohn and Levj'^^ described the action of ouabain 
in man. Thej^ gave an initial dose of 0.1 to 0.5 mg. and a second 
dose of 0.3 to 0.5 mg. an hour later. Hatcher and Bailey^ recom- 
mended that not more than 0.5 mg. be given in 24 hours. Because 
of the rapid action and the rapid elimination of ouabain, Batterman, 
Rose and De Graffs outlined a method of obtaining rapid digitaliza- 
tion b,y simultaneous administration of ouabain intravenously and 
digitalis leaf orall^v. 

Method. In accordance with this method, we gave 0.5 mg. (5 cat units) 
of ouabain* intravenously. The oral dose of digitalis leaf (4 to S cat units), 

* The ouabain used consisted of 2 cc. ampoules, each containing 0.5 mg. or 5 cat 
units. The exiiiration date of the ampoules was individually marked. Carroll 
Dunham Smith Pliarmacal Company, Orange, N. .1., supplied the ouabain. 
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however, was usually given approximately 1 hour following the ouabain 
rather than simultaneously, in order to observe the effect of the ouabain 
per se. An electrocardiogram was taken in every case preceding treatment, 
except for several with auricular fibrillation where the diagnosis was definite 
clinically. The cardiac rate was determined everj' 5 minutes for 1 hour, 
then at 2 hours, 12 hours and 24 hours. T’ '■ ■ ’■ were taken 

at varjdng intervals following the use of the ■ ■ ■ was gener- 

ally given in maintenance doses of 1 gr. (1 cat unit) daily, beginning ap- 
proximately 24 hours after initial treatment. In no case was ouabain used 
if the knowledge or suspicion was present that the patient had taken digitalis 
during the week preceding treatment. Although symptomatic improve- 
ment (relaxation with desire to sleep, relief of bronchospasm and dyspnea, 
relief of palpitation and sjmcope) usually preceded objective evidence of 
improvement (sometimes within 5 minutes after injection of ouabain), a 
cardiac rate of 110 or less was arbitrarily selected as the time of optimum 
immediate effect. 



Chaht 1. — Reduction in cardiac rate alter ouabain treatment. 


Opihmnn Improvement and Type of Heart Disease. Table 2 
relates the optimum immediate effect to the tj^ie of heart disease. 
Improvement occurred in 1 hour in 4 of 9 patients with arterio- 
sclerotic heart disease (44.4%), in 5 of 9 patients with hj'pertensive 
heart disease (55.5%), in 4 of 5 patients with arteriosclerotic hyper- 
tensive heart disease (S0%), in 5 of 6 patients with rheumatic lic<ut 
disease (S3.3%), in 1 with thvTotoxic heart disease, not in 1 will* 
congenital heart disease, and in neither of 2 with no heart disease. 
Although this study pertains to rapid arrhythmias, the findings are 
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consistent with those of Batterman et al.,^ in which the best results 
were obtained in congestive heart failure associated with rheumatic 
heart disease. It may also be noted in Table 2 that 4 (12.1 %) were 
improved in 10 minutes, 9 (27.3%) in 15 minutes, 10 (30.3%) in 
20 minutes, 12 (36.4%) in 25 minutes, 14 (42.5%) in 30 minutes, 
15 (45.5%) in 45 minutes, 19 (57.6%) in 60 minutes. Twenty-one 
patients (63.7%) were improved in 2 hours and 28 patients (84.9%) 
in 12 hours, considering all types of heart disease. Two cases (6.1 %) 
were improved in 24 hours, and 3 patients (9.1 %) were not improved 
after 24 hours. Two of these 3 had empyema and the third had 
lobar pneumonia. The latter effect was observed by Wyckoff and 
Goldring,’ who found that a greater amount of ouabain was neces- 
sary to reduce the ventricular rate in patients who had auricular 
fibrillation with elevation of temperature than in those without 
elevation of temperature. 


Table 2. — Relation op Optimum Immediate Impbovement’*' to Type or 

Heart Disease 

Time of optimum immediate improvement 


Diagnosis 
Arteriosclerotic 
Hypertensive . . 

Arteriosclerotic and 
hypertensive 
Rheumatic 
Hyperthyroid . 
Congenital. 

No heart disease . 

Total .... 

Per cent 


No. 

of 

cases 

9 

9 

5 

6 
1 
1 
2 

33 

100 


10 15 


0 
0 

* Cardiac rate of 110 or less, 
t Far-advanced pulmonary tuberculosis, 
i Lobar pneumonia. 


20 

25 

30 

45 

1 

2 

12 

24 

Over 


min. 

min. 

mm. 

hr. 

hrs. 

hrs. 

hrs. 

24 hrs 



1 

1 



4 


It 


1 

1 


1 

1 

2 


1§ 

1 




1 


1 




1 



2 

1 


1 









It 

n 

1 

2 

2 

1 

4 

2 

7 

2 

3 

3.0 

0.1 

0.1 

3.0 

12.1 

0.1 

21.2 

6.1 

9.1 




§ Empyema, 
if Empyema. 





Table 3. — Relation of Optimum Immediate Improvement to Type or 

Arrhythmia 


No. 

of 


Time of optimum immediate improvement 


5 10 15 20 25 30 45 1 2 12 24 Over 

Diagnosis cases min. min. min. min. min. min. min. hr. hrs. hrs. hrs. 24 hrs. 
Paroxysmal auricu- 


lar tachycardia . 2 

.^.uricu^ar flutter . 4 

Auricular fibrilla- 
.tion .... 24 

Simple tachj’cardia 2 

Paroxysmal ventric- 
ular tachycardia 1 


Total 


33 


Opiivivm Improvement and Type of Arrhythmia. Improvement 
is compared with the tj^pe of arrhythmia in Table 3. Both cases of 
paroxysmal auricular tachycardia were improved in 1 hour, 2 of the 
4 cases of auricular flutter, 14 of the 24 cases of auricular fibrillation, 
the 1 case of paroxysmal \'entricular tachycardia and neither of the 
2 cases of simple tachycardia. These figures are difficult to interpret 
because of the preponderance of cases of auricular fibrillation and 
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the paucity of the other arrhythmias, but the results are statistically 
significant (determined by use of the Fisher table of t) regarding 
the cases of auricular flutter (50%) and those of auricular fibrilla- 
tion (58.3%). The excellent response in the case of paroxysmal 
ventricular tachycardia is difficult to explain. The drug rvas given 
under the false assumption that it was an auricular tachycardia, 
but an electrocardiogram %vas taken a few minutes after the drug 
was given and revealed the nature of the arrhythmia. 


Table 4.~Rblation' of Optimum Immediate Impbovemext to Age or 

Patiext 


Time of optimum immediate improvement 



No. . 











Age 

of 5 

10 

1.5 

20 

25 

30 

43 

1 

2 

12 

24 

(jte.) 

cases min. 

min. 

min. 

min. 

min. 

min. 

min. 

hr. 

htp. 

hrs. 

hr?. 

10-19 . 

. . 1 







1 




20-29 . 

. . 0 











.30-39 . 

. . 3 


1 








2 

40-49 . 

4 

1 






2 




50-59 

. 8 


3 


1 




1 

i 

. , 

G0-G9 . 

10 

1 

1 


1 


T 

1 

1 

4 


70-79 

. . 0 

2 


1 


1 




2 


80-89 . 

- . 1 





1 






Total 

. . 33 

4 

5 

1 

2 

2 

I 

4 

2 

7 

2 


Opimwn Improvement and Age of Patient. By inspection of 
Table 4, one may see that there is apparently no relationship 
between the rapidity of improvement and the age of the patient, 
the latter ranging from 19 to 82 years. Since good results occurred 
in the older age groups, the age of the patient is probably not a 
factor in considering the use of the drug. 

Table 5.— Relvtion of Optimum Immediate Impbovement to Sex or Patient 

Time of optimum immediate improvement 

Xo. . -r 

of o 10 10 20 25 30 45 1 2 12 24 Ov^f 

C3*es mm. mm. mm. min. mm. mm. min. hr. hr^. hr?. 

18 2 4 .. 1 . 1 .. 7 .3 

15 21112132. .2_ 

Total .... 33, .45 1 22 1 4 2 7 2 3 

Opthmtm Improvement and Sex of Patient. There were IS male- 
and 15 females in the group studied (Table .5). In 1 hour, 8 of the 
18 males (44.4%) were improved, and 11 of the 15 females (7-3.3%) 
were improved in the same period. Three of the males might be 
excluded because of the presence of empyema in 2 and lobar pneu- 
monia in 1, complications which in themselves are responsible for 
rapid heart action. Thus, tlie corrected number of males improveo 
in 1 hour is 8 of 15 patients (.53.3%). In 15 minutes, however. 
C males (33.3% or 40% when corrected) and 3 females (20%) were 
improved. Of the 15 males, 7 (4G.7 %) were not impro\-ed in 1 hour, 
and of the 15 females, 4 (2G.7%) were not improved in 1 hour. 
Males were more frequently improved in 15 minutes, but female.' 
were more often improved in 1 hour. These figures, however, were 
not subjected to statistical analysis. 


Sex 

Male . 
remale . 
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0ptiviU7ii Improvement and Congestive Failure. In Table G it may 
l)e noted that the presence of congestive failure (19 of the 33 cases) 
had no deterrent influence on the speed of impro^"ement. In those 
with failure, 11 of 19 cases (57.9%) were improved in 1 hour, where- 
as in those without associated failure, 8 of 14 cases (57.1%) were 
improved in 1 hour. 

There was no demonstrable correlation between rapidity of im- 
provement and the initial ventricular rate. 


Table 6. — Relation of Optimum Immediate Improvement to Presence or 
Absence of Congestive Failure 

Time ot optimum immediate improvement 

No. . ■ . 

of 5 10 15 20 25 30 45 1 2 12 24 Over 

Failure cases rain. min. min. min. min. min. min. hr. hrs. hrs. hrs. 24hrs. 

Present ....19., 1 3 1 1 1..4 1 4 2 1 

Absent ..,.14 .. 3 2 .. 1 1 1 .. 1 3 .. 2 

Total ....33..4 5 1 2 2 1 4 2 7 2 3 

Toxicity. The toxic effects noted were very few. Two of the 
33 patients vomited during the observation period, but in both cases 
the oral dose of digitalis had been taken. The only electrocardio- 
graphic abnormalities present within 24 hours after the combination 
of intravenous ouabain and oral digitalis, which had not been 
present in the tracing prior to therapy, were inversion of the T wave 
in Lead 1 in 1 case and coupled ventricular extrasystoles in 2 cases. 
Other changes, such as S-T segment depression, T wave inversions, 
and P-R interval prolongation, occurred in other cases at varying 
number of days following treatment, but these changes could be 
related to the technique of maintaining digitalization following the 
initial combined method. Changes were apt to be noted if more 
than 1 gr. of digitalis was given daily. This study tends to cor- 
roborate the flndings of Batterman et al.,^ that the suggested 
regimen is a method of full digitalization for 24 hours, and should 
be followed bj'- maintenance doses of digitalis. Wj'-ckoff and Gold- 
ring'^ gave 148 intravenous injections of ouabain to 32 patients with 
heart failure and noted no fatalities or harmful effects. They ob- 
served mild toxic symptoms in only 3 of 52 instances in which full 
therapeutic effects were obtained. Batterman et al.^ reported that 
18% of their patients showed evidence of mild toxicity at the end 
of 24 hours. This consisted of anorexia, nausea, vomiting or pro- 
longation of the P-R interval. They regard this as indicating full 
digitalization. Cohn and Levy® found that 52% of their patients 
with auricular fibrillation and 12.5% of their patients with regular 
sinus rhythm developed ventricular premature contractions or 
ventricular paroxysmal tachycardia. These authors, however, gave 
as much as 1.1 mg. of ouabain intravenously in 2 hours. 

With regard to the sudden death following the use of intravenous 
ouabain, it may be stated that there are manj' such reports with the 
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use of various intravenous digitalis preparations. We cannot justify 
the result in our 4 cases other than that they were all very critically 
ill. Levine and Cunningham® considered that sudden death follow- 
ing intravenous injection of digitalis might be avoided by their 
fractional administration technique. This plan is especially valu- 
able, as they themselves admit, if the patient has already received 
digitalis. We utilized this suggestion satisfactorily in 1 of our cases 
suspected of having had some digitalis prior to ouabain administra- 
tion by giving a “test dose” of 0.1 mg. (1 cat unit). 

Return to Normal Rhythm. Normal rhythm returned within 
48 hours of treatment in 7 of the 24 cases of auricular fibrillation 
and in other cases of auricular fibrillation at longer intervals. 

Summary. 1. A stud}'’ was made of 33 cases of rapid cardiac 
arrhjd:hmias, consisting of 2 cases of paroxj'smal auricular tachy- 
cardia, 4 of auricular flutter, 24 of auricular fibrillation, 2 of simple 
tachycardia and 1 of paroxysmal ventricular tachycardia. 

2. Ouabain produced an optimum immediate effect (sustained 
ventricular rate of 110 or less) in 1 hour in 44.4 to 83.3% of all heart 
disease cases except in the 1 case of congenital heart disease and in 
the 2 cases without heart disease. Nineteen patients (57.6%) were 
improved in 1 hour, 21 (63.7%) in 2 hours and 28 (84.9%) in 
12 hours. These figures are statistically significant. 

3. Optimum immediate improvement occurred in 1 hour in both 
cases of auricular tachycardia, in 2 of 4 cases of auricular flutter 
(50%), in 14 of the 24 cases of auricular fibrillation (58.3%), in the 
1 case of ventricular tachycardia, and in neither of the 2 cases of 
simple tachycardia. The figures for flutter and fibrillation have 
statistical significance. 

4. There wms no correlation between optimum improvement and 

age of the patient, associated congestive failure, or initial ventricular 
rate. Females were more often improved in 1 hour (73.3%) than 
males (53.3%), but males w'ere more often improved in 15 minutes 
(40%) than females (20%). The significance of the difference 
between the sexes was not determined. . 

5. To.xic effects (vomiting, T wave inversion in Lead 1 and coupled 

ventricular extrasystoles) noted were v'ery few. _ 

6. Normal rhythm returned in 7 of the 24 cases of auricular fibril- 
lation within 48 hours. 

7. The total absence of syphilis for a series in a hospital where 
approximately 15% of the cases of heart disease have syphilitic 
etiology emphasizes the rarity of underlying luetic heart disease m 
rapid cardiac arrhythmias. 

Ckmclusions. 1. One intravenous dose of ouabain produces a 
statistically significant reduction in ventricular rate and js an 
effectii’e method of treating rapid cardiac arrhythmias of auricular 
origin. It is relatively ineffective when the mechanism is that of a 
simple tachycardia or when complicated by severe infection. 
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2 . When combined with 1 oral dose of digitalis^ intravenous 
ouabain is an effective aid in producing full digitalization. 
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THE COMPARATIVE VALUE OF HIGH AND LOW DOSES OF 
SULFADIAZINE IN THE TREATMENT OF 

PNEUMOCOCCIC PNEUMONIA 
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Several of the sulfonamide drugs have been used effectively in 
the treatment of pneumococcus pneumonia since 1938.® The com- 
pounds which have been most extensively and successfully used for 
this purpose, sulfapjTidine, sulfathiazole and sulfadiazine, have 
been studied thoroughly with regard to their absorption and excre- 
tion, their therapeutic effects in pneumonia and other diseases, and 
their toxic reactions. On the other hand, the relation of the dosage 
of these drugs to the outcome of the disease has not been given 
much attention, Evans and Gaisford® used an initial dose of 2 gm. by 
mouth in adults, followed by 1 gra, every 4 hours. In this country, 
doses of all 3 drugs have varied from 2 to 6 gm. initially, usualh' 
followed by 1 gm. every 4 hours.* Garvin*® employed 4 gm. of 
sulfathiazole or sulfapjTidine initiall 5 ', with subsequent doses of 
2 gm. every 4 hours until improvement occurred, when the dose was 
lowered to 1 gm. every 4 hours. Billings and Wood- used 0.1 gm. 
of sodium sulfadiazine per kg. of body weight, intravenously, as an 
initial dose, followed by 1 gm, of sulfadiazine by mouth every 
4 hours with the object of attaining high blood levels early in the 
course of treatment. 
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In order to determine the effect of relativel 5 ' high doses of the 
sulfonamides, as compared with low doses, in the treatment of pneu- 
mococcus pneumonia, we conducted a study as follows; Sputum 
for typing and blood for culture were collected immediately on all 
patients admitted to the medical wards of the Gallinger jMupicipa! 
Hospital who were suspected of having pneumonia. Following 
these procedures, the patients on the 4 adult wards, comprising the 
Georgetown Medical Division* were given an initial dose of G gm. 
of sulfadiazine orally, followed by 1 gm. every 4 hours. (For the 
sake of brevity, we hav'e called this the high dose.) Patients on 
the 4 adult medical wards of the George Washington Medical Divi- 
sion* were giv'^en 2 gm. statim and 0.5 gm. every 4 hours thereafter 
(which we have called the low dose). Patients were referred alter- 
nately to these divisions b}' a central admitting office. The drug 
was continued in all cases until the temperature had been normal 
for 3 or 4 days and the clinical condition improved, when therapy 
was discontinued abruptly, '\^^lenever a patient failed to improve, 
specific antipneumococcic serum was administered, while the dosage 
of sulfadiazine was held constant. Specific serum was considered 
necessary in only 5 cases. Three of these patients had received the 
low doses of sulfadiazine. Two of them died and 1 recovered 
promptly after administration of the serum. Both of the patients 
in the high-dosage series who received serum died. 

Table 1.— Results of Treatmect of Pneumococcic Pneumonia With 
Different Doses of Sulfadiazine 


Time before temperature 


Low dose 


High do'C 


dropped belo^s 101® F. /- 







(hours) 

AU 

Bactercmic 

All 

Bactercmic 


cases 

cases 

% 

cases 

cases 

YC 

Under 23 

31 

2 1 

1 j 

f 36 

5 ] 


(38.3%) 

1 

59 3 -1 

(45.0%) 


■ 6S 4 

24- 47 

17 

3 1 

! 1 

28 

2 J 


48- 71 

9 

0 I 


1 

0 j 


72- 95 

4 

1 1 

1 OA 7 J 

6 

0 1 

i 12 7 

9G-119 . 

3 



1 1 

1 1 


120 and over 

4 

1 J 


i 2 

0 J 

1 

Excluded because tempera- 







ture already down when 






s .s 

drug begun 

8 

1 

0 9 

7 

0 

Died 

5 

1 

0 2 

,8 

5 

10 1 

Total . 

SI 

9 

100 

79 

13 

100 

% bactercmic 

- 

11 1 

- 

- 

16 5 



In evaluating the results, only typed cases of pneumococcic pneu- 
monia with unequivocal clinical and roentgenographic ei'idence « 
the disease have been considered. As shown in Table 1 , SI patient 
with pneumococcic pneumonia were given the low dose of 2 gn’- 
followed by 0.5 gm. every 4 hours, and 79 the high dose of fi gm- 
followed by 1 gm. every 4 hours. It will be seen that there is nf 

* Wc ivisli to thank the .VttcmlinK and Resident Staffs of the two dniMoa- tr 
their whole-hearted cooperation. 
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striking difference in the outcome in the 2 groups. There was a 
sliglit tendency for the temperature to fall sooner in the patients 
treated witli the higher doses, since 36 patients (45.6%) of this 
group showed a permanent drop in temperature to below 101° F. 
by mouth within 24 hours, as compared with 31 patients (38.3%) 
among those treated with the lower doses. Within the first 48 hours 
the temperature of 54 (68,4%) of the patients receiving higher 
doses had fallen below 101° F., as compared with 48 (59.3%) of 
those in the lower-dose group. Only 10 patients (12.7%) who 
recovered after receiving the higher doses experienced a fall in tem- 
perature below 101° F. later than 48 hours after the commence- 
ment of therapj'^, whereas 20 patients (24.7%) of those who recov- 
ered after receiving the lower doses of sulfadiazine took longer than 
48 hours to reach a point below 101° F. There were 5 deaths in 
the low-dosage group and 8 among the patients receiving higher 
doses. However, several of these deaths could be attributed in 
great part to complicating diseases. Among the patients who died 
in the low-dosage group, 1 patient had far-advanced bronchiectasis 
and another committed suicide during the course of the pneumonia. 
Among patients who died in the higher-dosage group, 1 patient had 
hypertensive heart disease, 1 had chronic glomerulonephritis, and 

2 were suffering from acute and chronic alcoholism. If the patients 
with complicating diseases are omitted from consideration, there 
would remain 3 deaths in the low-dosage series as against 4 in the 
high-dosage series. There is another important factor to be com- 
pared in the 2 groups. The incidence of bacteremia was greater 
in the higher-dosage series (13 cases— 16.5%) than in the low- 
dosage series, where there were only 9 cases (11.1%). 

An indirect method of measuring the rapidity of impro's^ement is 
by determining the average number of days spent in the hospital 
by the sur^dving patients in each group. This was done for the 
patients under consideration, only those being excluded who had 
empyema or who had other diseases than the pneumonia which 
would have increased their length of stay. The average number of 
days in the hospital was 16.1 for the low-dosage group and 12.7 for 
the high-dosage group, a difference of 3.4 days. 

Table 2 shows the incidence of complications in the two groups. 
Slow resolution of the pneumonic consolidation was observed in 
9 patients who receiA^ed low doses of sulfadiazine and in 4 patients 
who were given the higher doses. Slow resolution was characterized 
by the presence of dullness, abnormal breath sounds and voice 
sounds and rales, plus Roentgen ray evidence of consolidation, 
often accompanied by low-grade fever, persisting for a period of 

3 weeks or more after the symptoms of the acute illness were over. 
A relapse of the pneumonia, or a spread to another lobe, or both, 
occurred in 3 patients receiving low doses of sulfadiazine. One 
patient in the group who received high doses suffered from a relapse. 
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Table 2. — Incidence of Complications in Patients With Pnehmococcic 
Pneumonia Treated With Different Doses of Sulfadiazine 


Low dose 

High dose 

Bacteremic 

Bacteremic 


Complication 

All cases 

cases 

All cases 

cases 

Delayed resolution 

9 

3 

4 

1 

Relapse and/or spread 

3 

1 

1 

0 

Empyema* 

1 

0 

1 

0 

Endocarditis* 

Not present on admission. 

0 

0 

1 

1 


Toxic reactions from sulfadiazine were infrequent in all the patients 
treated, as is shown in Table 3. One patient in each group had 
fever caused by the drug. Four patients in the low-dosage group 
suffered from a psychosis which was apparently due to the sulfa- 
diazine, as compared to 2 patients with psychosis in the high-dosage 
group. One patient in the low-dosage group developed a drug 
dermatitis, while gross hematuria, presumably from a renal calculus, 
and a leukemoid reaction, were each present in 1 patient in the 
high-dosage group. All of the patients with toxic reactions to the 
sulfadiazine recovered without sequelee. 


Table 3.— Toxic Reactions in Patients Receiving High and Low Doses 

or Sulfadiazine 


Toxic reaction 
Drug fever 
Drug psychosis 
Hematuria 
Drug dermatitis 
Leukemoid reaction 


Lo« dose High dose Both groups 


1 1 2 

4 2 6 

0 1 1 

1 0 1 

Oil 


Total 


6 5 11 


Determinations of free blood sulfadiazine were usually made 
6 hours after the first dose was administered and every morning 
thereafter as long as sulfadiazine was being given. There was no 
close parallel between the dose of the drug and the blood sulfadiazine 
levels, although in general the patients receiving the higher doses 
tended to have higher blood levels. The average free blood sulfa- 
diazine at 6 hours after the first dose of 2 gm. in 22 patients given 
low doses was 3.2 mg. per 100 cc., as compared to 4.9 mg. per 
100 cc. among 16 patients in the high-dosage series. Once the free 
blood sulfadiazine level was established in a given patient, it re- 
mained fairly constant, usually within 2 mg. per 100 cc. The low- 
est average daily blood level for any patient in the low-dosage 
group was 2.4 ing. per 100 cc., and in the high-dosage group 4.5 mg- 
per 100 cc. The median average daily blood levels for the two 
groups were 5.25 and 7,55 mg. per 100 cc. respective!}’, while the 
highest average daily blood levels for the corresponding groups were 
11.8 and 13 mg. per 100 cc. 

Discussion. No accurate method is available to us for measuring 
the various degrees of effectiveness ivhich a given therapeutic agent 
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may have in an infectious disease. The occurrence of recovery or 
death is a very crude measurement, since it is affected by many 
extraneous factors. In the present series, no significant differences 
can be found in the death rates in the group of patients treated with 
low doses of sulfadiazine as compared with those given high doses, 
when allowance is made for the presence of bacteremia and of un- 
related, complicating diseases. Accordingly, we have compared the 
two groups Avith respect to the following factors: (1) the time required 
for tlie temperature permanently to reach a leA’^el beloAv 101° F., 
(2) the average length of stay in the hospital and (3) the incidence 
of complications of the pneumonia which developed after admission 
to the hospital. 

The fall in temperature is influenced by many other factors than 
the therapeutic agent used. The temperature in cases of pneumo- 
coccus pneumonia sometimes falls without specific treatment as 
early as the first or second daj^ of the disease. In some patients it 
may never reach a high level. In other patients the temperature 
may be depressed or elevated as the case might be by the presence 
of other infections, by poor circulation, by chilling, by the use of 
antipyretic drugs or by metabolic factors, and so on. Furthermore, 
there is no definite point in the temperature curve which indicates 
that recovery has taken place. We have arbitrarily chosen 101° F. 
as a dividing line, because the temperature incident to resolution 
alone seldom goes as high as this. In view of all these possible 
variables, and since the blood levels obtained with the high doses 
were often no higher, and sometimes even lower, than those ob- 
tained with the low doses, we feel that the slightly greater percen- 
tage of cases in which the temperature fell below 101° F. within 
48 hours after the beginning of treatment in the higher-dose series 
(68.4%) than in the low-dose series (59.3%) may be significant. 
This is made more likely by the fact that the length of stay in the 
hospital was 3.4 days greater in the loAV-dose than in the higher- 
dosage group. 

Although the serious complications of the pneumonias were too 
few in number for comparison, the less serious complications, de- 
layed resolution and relapse, were found to be more than twice as 
frequent among the low-dosage patients as among those receiving 
the higher doses. Since all of these results point in the same direc- 
tion, it seems reasonable to conclude that, whereas no benefit in 
mortality rate is to be expected from the use of an initial dose of 
6 gm. of sulfadiazine followed by 1 gm. every 4 hours in the adult 
with pneumococcus pneumonia, as compared Avith an initial dose of 
2 gm. folloAA'^ed by 0.5 gm. eA^ery 4 hours, ncA’ertheless the higher 
doses are more often folloAved by rapid recovery than the lower 
doses, and that tliere is less likelihood of relapse or spread of the 
pneumonia to another lobe, or of delayed resolution in the patients 
receiving the higher doses. 
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Furthermore there seems to be no deleterious effect from tlie use 
of the higher doses. In our series the incidence of toxic .sj-mptom.s 
from the sulfadiazine was practically the same in each group. This 
is in contrast to the findings of Detweiler and his associates,’ who 
observed the more frequent occurrence of hematuria, oliguria, 
anuria, leukopenia, rashes and fever, when high doses of sulfapyri- 
dine (as much as 2 gm. every 4 hours) were given than when low 
doses were administered. The different results obtained by us are 
attributable partly to the fact that sulfadiazine causes fewer toxic 
reactions than the other sulfonamide drugs, and partly to the 
fact that we did not employ at any time doses in excess of 1 gm. 
every 4 hours. 

In the present study we have been concerned with determining, 
by means of controlled case studies, w'hether there is any great 
advantage to be derived from the use of high doses of sulfadiazine 
as compared with lower doses. The eA'idence seems to point con- 
clusively to the fact that the routine emplo^onent of higher doses 
offers no such advantage. On the other hand, there seems to be 
no disad\'antage from the use of the comparatively higher doses as 
usuallj-- administered and they should certainly be used in patients 
suffering from pneumonia with uncertain or poor prognosis. Most of 
the factors which often indicate a poor prognosis in pneumonia are 
known: age over 40 years, involvement of more than one lobe, 
infection with the Type III pneumococcus, bacteremia, or the 
presence of pregnancy or another complicating disease. If any of 
these factors are present, a high dose of sulfadiazine, preferably 
G gm. in an adult, should be given at the onset, followed by 1 gm. 
doses at 4-hour intervals. The initial dose might even be given 
intravenously as suggested by Billings and Wood," or subcutane- 
ously, especially in poorly hydrated patients. 

Sulfadiazine concentrations in the body, like those of the other 
sulfonamides vary directly with the degree of absorption from the 
intestines and inversely with the amount of acetylation and the 
speed of e.xcretion. Consequently the level at which sulfadiazine 
will be maintained in the blood of a given individual by a certain 
dosage of the drug is predictable onlj’- within broad limits. In 
every case in which the drug is administered, we recommend that 
the free blood sulfadiazine level be determined within 12 to 24 hours 
of the beginning of treatment and further doses adjusted accord- 
ingly. Patients who are markedly dehydrated at the time of admis- 
sion, or who have evidences of primary renal disease, or who are m 
congestii’e heart failure of any degree should have their blood levels 
determined at least once per day, since these patients are subject 
to rapid accumulations of the sulfonamide drugs. 

In view of the fact that the production of sulfonamides is still 
limited and that isolated military groups may upon occasion have 
inadequate supplies of these drugs on hand, we merely wish to point 
out that under those circumstances patients with pneumococcie 
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pneumonia may be treated with smaller doses than are usually 
recommended without apparently increasing the mortality rate. 

Summary and Conclusions. 1. Eighty-one unselected adults with 
typed pneumococcic pneumonia were treated with an initial dose 
of 2 gm. of sulfadiazine followed by 0.5 gm. every 4 hours until 
recovery was certain or death ensued; while an alternate group of 
79 patients was given 6 gm. initially, followed by 1 gm. every 
4 hours. 

2. There was no significant difference in mortality in the two 
groups, nor in the incidence of serious complications of the pneu- 
monias. 

3. In the patients receiving the higher doses of sulfadiazine, there 
was a slight tendency for the temperature to fall more rapidly than 
in the low-dose group; the duration of the hospital stay of the 
patients averaged 3.4 days less for the high-dose group; and the 
incidence of relapse, spread of the pneumonia to another lobe and 
slow resolution was less than half as much in the high-dosage group 
as in the low-dosage group. 

4. Toxic reactions from sulfadiazine were infrequent in both 
groups, and no more numerous in the high-dosage than in the low- 
dosage group. 

5. It is concluded that, whereas higher doses of sulfadiazine are 
slightly more often followed by rapid recovery than the lower doses 
and that there is less likelihood of relapse, spread of the pneumonia 
to another lobe, or of delayed resolution in the patients receiving 
the higher doses, nevertheless definitely smaller doses of the drug than 
are usually recommended can be used without fear of an increase in 
the mortality rate or of serious complications. This is significant 
in view of the fact that in the present emergency limitations of the 
supply of the sulfonamides may occur at times. 

The authors wish to thank Dr. George C. Ruhland, Dr. James G. Gumming and 
Dr. John E. Noble for their cooperation, and Miss Emily Godfrey and Miss Ruth 
Mayer for technical assistance. 
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Nicotinic acid administered orally or intravenously in sufficient 
dosage causes flushing and burning of the skin, especially of the face 
and neck, and at times, of the entire body. This vasodilator re- 
sponse was first described in 1937 and 1938 by several groups of 
investigators.^’®’'^ Bean and Spies- in 1940 studied a number of 
pyridine compounds and found that only those containing the free 
o 


/\c/ 
radical II ! \ 

\/ O- 
N 


produced vasodilatation. They suggested that 


the reaction takes place in the arterioles of the skin as it is abolished 
by adrenalin, and postulated that it might be due to the liberation 
of histamine. Abramson, Katzenstein and Senior,^ using a plethys- 
mographic method, found that nicotinic acid caused a significant 
increase in the blood flow in the hand and forearm and a slight 
increase in the leg. They concluded that, as the blood pressure and 
pulse rate were not consistently altered, the peripheral vascular 
effects were due to local changes in the blood-vessels rather than to 
an increase in cardiac output. 

This investigation was undertaken in an endeavor to elucidate 
further the mechanism responsible for the vasodilatation produced 
by nicotinic acid. The vasodilator response could be compensa- 
tory to an increase in heat production, or it might be due to central 
vasomotor stimulation, or to peripheral action either on nerve end- 
ing or directly on tlie blood-vessels. 

In order to determine whether or not the skin reaction was due to 
an increase in heat production, the effect of nicotinic acid on meta- 
bolic rate and on body temperature was investigated . Unna,® study- 
ing the efieet of nicotinic acid on the metabolism of rats, found no 
change in oxygen njftake. Spies, Bean and Stone’’ reported tliat 
nicotinie acid given to 7 normal subjects caused no uniform varia- 
tion in oxygen consumption during the period of flushing. 

In the jirescnt study, the metabolic rate was measured in S nor- 
mal subject.s on 17 occasions using the Benedict-Roth apparatus. 
After several determinations in the basal state, .50 to 200 mg. 
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nicotinic acid* were given orally with 30 to 60 cc. of water and the 
metabolic rate measured at intervals. Some tests were begun as 
early as 4 minutes and some as late as 44 minutes after administra- 
tion of nicotinic acid. On a few occasions 30 to 60 cc. of water 
alone were given to determine whether or not this amount of liquid 
in the stomach would influence metabolism . The findings are given 
in Table 1. There was no appreciable change in metabolic rate 
after nicotinic acid had been ingested, even when a severe vaso- 
dilator response ensued. This was true regardless of whether the 
rate was determined before the skin reaction occurred, or at its 
height. In a few subjects there was a slight increase in metabolic 
rate when the vasodilating effects of nicotinic acid were experienced 
for the first time. Discomfort and anxiety presumably explain this 
elevation since no rise occurred in subsequent tests on the same 
subject even when fiushing was more intense. There was no sig- 
nificant change in blood pressure or pulse rate, except in 1 subject 
who had mild hypertension, in whom both the systolic and diastolic 
blood pressures increased 15 to 20 mm. of mercury during each 
experiment. On one occasion, however, there was a rise in blood 
pressure before nicotinic acid was given. 

The skin reaction, which was noted 4 to 23 minutes after the 
ingestion of nicotinic acid, began with a sensation of tingling in the 
fingers followed by tingling, burning, or a “starched” feeling in the 
face, especially in the forehead, across the bridge of the nose, in 
the cheeks and ears. One or more minutes after the burning ap- 
peared the skin over the face, ears and back of the neck became 
flushed. In some instances there was injection of the conjunctivie 
and circumoral pallor. When the reaction was intense, the flush 
spread from the face to the neck, extending down to about a V neck- 
line in front, and spreading between the scapulje posteriorly and 
over the tips of the shoulders. The flush was a mottled red rather 
than a smooth diffuse color. If the arms were involved redness 
appeared first in the antecubital fossa, later on the extensor surfaces 
of the arm and forearm, and rarely on the palms of the hands or 
flexor aspects of the arm and forearm. Burning and redness were 
often present in the region of the sacrum and in the perineum. The 
anterior surface of the thighs and knees became flushed in a few 
instances, and 1 subject had an area of vasodilatation around the 
anterior surface of the ankle. Other areas of the lower extremities 
and trunk were rarely involved. 

The height of the flush was reached 4 to 20 minutes after its 
appearance and lasted from 10 minutes to hours. A few indi- 
viduals had a secondary reaction after the first had faded, or when 
they got up and moved about_ after completion of the metabolic 
tests. In 2 subjects the vasodilatation appeared and disappeared 
several times. In a few experiments a generalized urticarial rash 

* The nicotinic acid was furnished through the courtesy of Merck & Co. 
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developed as the redness faded. The only toxic effects noted were 
^^omiting in 1 subject, substernal distress in another and a sensation 
of severe pressure in the ears in a third. 

Table 1.— The Effect of Nicotinic Acid on the Metabolic Rate in Rehtion 
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THE Skin 

Reaction 







MctaboJjc rate 


Skm reaction 




after nicotinic 
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Amount 

acid 


Time of 
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maximum 


metabolic 

acid given 

Time 


onset 

flush 


Subject 

rate 

(mg) 

(roin ) 

Rate 

(mm ) 

(min ) 

Sevcrit) 

E 

-13 

100 

8 

-12 

4 

8 

Mild 


-16 


19 

-15 
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-14 
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The effect of nicotinic acid on body temperature was studied in a 
number of experiments. In 11 patients the rectal temperature was 
recorded prior to and at 5-minute intervals after the adfninistration 
of 100 to 200 mg. of nicotinic acid, for periods of 40 to 60 minutes. 
In 8 of the 11 tests a typical vasomotor response occurred 5 to 
20 minutes after nicotinic acid was given. Before the appearance 
of vasodilatation there was a rise of temperature of 0.4° and 0.6° F. 
in 2 instances; a fall of temperature of 0.2°, 0.4° and 1° F. in 
3 instances, and no change in 3 additional tests. In each of 3 sub- 
jects who had no vasodilator response to nicotinic acid, there was a 
rise in temperature of 0.2° F. during similar time intervals. In the 
subject who showed a fall in temperature of 1° F. the flush appeared 
concomitant with the temperature change. One subject whose 
vasodilator response was severe and of long duration had a fall in 
oral temperature of 2° F. at the end of 90 minutes. Shivering 
occurred at this time. All of the above studies were conducted in 
the warm environment of a hospital ward. 

Five experiments were performed at 68° to 71.5° F. in a constant- 
temperature room. Oral temperatures only were recorded. In no 
instance was there a rise in body temperature after giving 50 to 
100 mg. of nicotinic acid. In 3 instances the nicotinic acid caused 
marked vasodilatation, which was followed by a drop in temperature 
of 0.8°, 0.4° and 0.8° F. Such a fall was not observed after compar- 
able periods of time when no vasomotor reaction occurred or when 
no nicotinic acid was administered. In the same subjects no fall 
in temperature occurred in a warm environment. 

Two experiments* were performed in a room of constant tempera- 
ture, using a rectal thermocouple sensitive to changes of 0.003° C. 
There was a slight rise in temperature before vasomotor changes 
appeared in one experiment and no change in a second test after 
200 mg. of nicotinic acid were given orally. After vasodilatation 
had occurred, there was a significant fall in temperature in both 
experiments. 

A number of observations made at various environmental tem- 
peratures yielded interesting findings which may have a bearing on 
the mechanism by which nicotinic acid causes a skin reaction. In 
tests on 1 subject it required a larger amount of nicotinic acid to 
produce a vasomotor response at a room temperature of 68° to 
70° F. than at one of 82° F. or higher. Fifty milligrams were usu- 
ally sufficient to cause marked vasodilatation in a warm environ- 
ment whereas 100 mg. often failed in a cold one. In several experi- 
ments at a room temperature of 68° F. a lamp was placed over one 
area of the body, either (1) the antecubital fossa, (2) the ear and 
side of the face, or (3) the knee, and 100 mg. of nicotinic acid was 
given. A slight vasodilatation was produced in the areas which 
had been warmed, while other areas were unchanged. This flush 

* Those studies woro made through the courtesy and cooperation of Dr. Roy 
Turner. 
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had the splotchy appearance of that induced by nicotinic acid and 
did not occur with heat alone when no nicotinic acid was given. 
A marked and generalized reaction was induced in a cold environ- 
ment on one occasion when first one and then the other side of the 
face was warmed. This reaction occurred 40 minutes after giving 
nicotinic acid which is much later than the usual time of response 
(4 to 20 minutes). These findings could be interpreted in several 
ways. The heat may merely have aided the nicotinic acid in over- 
coming the vasoconstriction due to the cold, or the increased blood 
supplj' to the area induced by the heat may have allowed a sufficient 
concentration of nicotinic acid to develop in the part to cause a 
local reaction of vasodilatation. 

As mentioned previously, some subjects who ingested nicotinic 
acid to determine its effect on oxygen consumption, developed a 
secondary flush when they got up and moved about. The changes 
in circulation resulting from exercise may have increased the con- 
centration of nicotinic acid in the periphery wjth resultant local 
vasodilatation and a second skin reaction. 

The vasodilatation produced by nicotinic acid does not appear 
to be due to stimulation of the parasympathetic nerves. Loman, 
Rinkel and Myerson^ reported that nicotinic acid is not synergistic 
with prostigmine nor is its action antagonized bj’- atropine. In a few 
experiments we found that neither atropine nor prostigmine had an 
appreciable influence on the vasodilator response to nicotinic acid. 
Spies has stated that there is an antagonism between adrenalin 
and nicotinic acid. In a few tests we found that the administration 
of adrenalin could either prevent the flush produced by nicotinic 
acid, or cause its disappearance if given at the height of the reaction. 
When only a small quantity of adrenalin was used, the peripheral 
vasoconstriction was of short duration, and the typical flush of 
nicotinic acid reappeared after a few minutes. 

Conclusion. The administration of nicotinic acid produced no 
significant change in metabolic rate or body temperature before the 
appearance of the characteristic skin reaction. The vasodilatation, 
therefore, does not seem to be compensatory to increased heat pro- 
duction. Available evidence at the present time suggests that the 
vasodilator response is due to a local effect on the arterioles m 
the skin. 
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In a previous article® we reported tlie fact that porphyrinuria 
was a comparatively frequent finding in so-called normal aged 
individuals. As the usual causes of porphyrinuria were not present 
in these subjects, it was thought of interest to give them varying 
amounts of niacin (nicotinic acid) to note the effect, if any, on the 
increased excretion of ether-soluble red pigments. 

Experimental Study. Altogether 55 subjects were studied. T%venty-six 
were males, and 29 females. Their ages ranged from 63 to 91 yearn. All 
were ambulatory, were housed in the “Home” division of the institution, 
and were on the normal institutional diet. Daily, at 11 A.i^i., 50 mg. of niacin 
were given by mouth. The urine was collected at 6 a.m. the following day, 
and was then examined for porphyrins. This was done on each successive 
day, until the urine no longer gave a positive test result for porphyrins. 
The method used in detecting the porphyrinuria was that described by 
Beckh, Ellinger and Spies.^ The urine was considered porphyrin-free if 
negative test results were obtained on 2 successive days. Our findings are 
outlined in Table 1. 


Table 1. — Amount of Niacin Necessary for Dibafpearance of Porphyrinuria 


Niacin 

(mg.) 

100 

150 

200 

250 

300 

350 

400 

450 

500 

550 

000 

650 

700 

750 

800 


No. of 
subjects 

1 

3 
2 

5 
2 

6 
5 

11 

4 
4 
3 
3 
1 
3 
2 


The storage of niacin during these studies was also investigated as fol- 
lows: As sopn as the urine became porphjTin-free, the administration of 
niacin was discontinued, and the urine was examined daily to see if a posi- 
tive test_ result was again obtained. The findings were considered to be 
positive if porphjninuria was observed on 2 successive days (see Table 2). 


^ The niacin (nicotinic acid) and other vitamin products used were supplied through 
the courtesy of Hoffmann-LaRoche, Inc., Nutley, N. J. 
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Tadm3 2.— Length of Time That Amiinistehed Niacin Was Stored as 
Evidenced by Return or Porphyrinuria 


Days 

1 

2 

3 

4 

5 

6 

7 

8 
9 


No. of 
suDjocis 

. 1 
. 2 
7 

. 16 
6 
9 
5 

. 8 
1 


The amounte of niacin neces.sary to check the urinary excretion of 
ether-soluble red pigments of those subjects ivho were found to have had 
urinary porphyrins, before treatment, ranged from 100 mg. to 800 mg., 
with an average value of 475 mg. In every instance in which porphyrinuria 
was encountered, the administration of niacin corrected this condition. 
The length of time that the administered niacin was stored in the bod}% as 
eAudenced by the time required for the reappearance of porphyrinuria, 
ranged from 1 to 9 days, with an average of 5 days. 

To check on the quantitive excretion of niacin in patients shoving 
increased porphyrinuria, 24 hour urinary niacin excretions were determined 
for 3 patients who showed a positive porphyrin test result and who were 
giA'en 50 mg, of niacin daily; and on 4 patients Avho showed no porphyrinuria 
and Avho were given no niacin. The procedure employed for the determina- 
tion of the niacin in the urine avas that described by Rosenblum and 
Jolliffe.*^ These observers considered 3.4 to 10.2 mg. of niacin to be the 
normal daily excretion in young healthy adults. Melnick,_ Robinson and 
Field^ reported that for 11 adults, avhose ages avere not given, the daily 
excretion of niacin was found to be from 1.7 to 29.3 mg. Perlzweig, Leiy 
and Sarett® found the daily excretion to be from 2.5 to 19.4 mg. in patients, 
ranging in age from 19 to 49 years, avho had ingested 100 or 200 mg. doses 
of niacin. Seven of our subjects, 3 of whom showed evidence of porphyr- 
inuria, received from 0 to 300 mg. of niacin. The daily excretion of the 
latter ranged from 6.8 to 11.1 mg. (Table 3). The amount of niacin excreted 
by our subjects remained at approximately the same level, whether the 
patient showed a porphyrinuria or not. 


Table 3.— Daily Excretion op Niacin in Patients With and 
Without Porphyrinuria 

Niacin 



Patient 

Sex 

Age 

Porphyrin- 

urm 

Amount 

inRealed 

(ms.) 

Dailv 

excretion, 

CmE.) 

1 

A. B. 

M 

SO 

4" 

0 

0 S 

2 

H. G. 

M 

74 

— 

0 

8 0 

3 

S.H. 


70 

4- 

300 

n 1 

4 

I. R. 

M 

79 

4- 

300 

7 9 

5 

A. C. 

F 

81 

— 

0 

8 1 

G 

R. A. 

F 

79 

— 

0 

7 0 

7 

R. K. 

F 

78 

— 

100 

10 0 


In order to e^tabli.sh the fact that niacin alone Avas responsible for the 
disappearance of the porphjTinuria, daib' porphyTin determinations Avcrc 
made on the urine of individuals aaIio showed a positiAm result and ayIio 
Avcrc not given any niacin. This Avas also done for those indiAuduals avIio 
shoAvod no increased porphyrin excretion. In no indiA'idual .showing por- 
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phyrinuria in this control series, did the increased excretion of ether- 
soluble red pigments disappear on 2 successive days without the admin- 
istrations of niacin. The results obtained in this control series are outlined 
in Table 4. As a further control, varjdng amounts of ascorbic acid were 
given to 7 subjects who showed a positive reaction for porphyrinuria. An 
initial dose of 100 mg. of ascorbic acid was given by mouth to each of these 
individuals. This dosage was gradually increased until the subjects were 
given 1000 mg. of ascorbic acid at one time. The increased dosages Avere 
administered at intervals far enough apart to insure complete excretion 
of the previous one. Determinations AA^ere made of the urinar}^ excretion 
of ascorbic acid in all the subjects and the plasma level of ascorbic acid in 
most of them, and also of the presence or absence of ether-soluble red 
pigments. It Avas observed that the excretion of porphyrin bodies did not 


Table 4. — Daily Determinations of Urinara’ Porphyrins (Controls) 

Porphyrin test result 
Days 


No. 

Patient 

Se.v 

Age 

1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

11 

1 

A. S. 

M 

83 

+ 

+ 

+ 

+ 

— 

+ 

+ 

+ 

— 

+ 

+ 

2 

L.G. 

F 

71 

+ 

+ 

— 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

P.C. 

F 

78 

— 

— 

— 

— 

— 

_ 

— 

— 

— 

— 

— 

4 

A.R. 

F 

75 

— 

+ 


— 

— 

— 

+ 

— 

— 

— 

— 

5 

P. C. 

M 

82 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6 

H.S. 

M 

76 

— 

— 

— 

+ 

- 

— 

— 

— 

— 

— 

— 


Table 5.— Effect of Ascorbic Acid in Vara'ing Amounts 

Subject 



S. 

B. 

M. 

s. 

E. 

S. 

E. 

S. 

B. 

B. 

M. 

F. 

s. 

S. 

P. 

C. 


Ago 

,83 

Age 

70 

Ago 

80 

Age 

89 

Ago 

74 

Ago 

,71 

Age 

,84 

Age 

, 76 


Sex 

,F 

Sex 

.F 

Sex 

,F 

Sex 

,F 

Sex 

. M 

Sox 

,M 

Sex 

.M 

Sex 




Vitai 


Vita- 


Vita- 




A'ita- 


Vita- 


Vita- 


Vita-' 

Dosage 


min 


min 


min 


min 


min 


min 


min 


min 

(mg.) 

For. 

C 

Per. 

C 

Per. 

C 

Per. 

C 

Per. 

C 

Por. 

C 

Por. 

C 

Por. 

C 

100 . 

. + 

221 

+ 

112 

+ 

302 

+ 

19' 

+ 

205 

+ 

10' 

+ 

18’ 

+ 

9' 

200 . 

. + 

83 

+ 

26 

+ 

63 

+ 

21 

+ 

27 

+ 

21 

+ 

10 

+ 

10 

300 . 

. + 

87’ 

+ 

56 





+ 

33'» 







400 . 

— 

9 

+ 

108‘i 

+ 

100'2 

+ 

52 



+ 

29 

+ 


+ 

18 

500 . 

. + 

117 

+ 

110 



+ 

60'’ 

+ 

100 







600 . 

. + 


+ 

260 

+ 

380 





+ 

115 



— 

55'i 

700 . 

+ 

230 

+ 

318 



+ 

01 

+ 

180 



+ 

125'' 

+ 

100 

800 . 

. + 

250 



+ 

420 



+ 

190 

+ 

200'' 





900 . 







+ 

IIG'2 





+ 

212 

+ 

212'8 

1000 . 



+ 

780'’ 



+ 

270 

+ 

4152" 


43021 



+ 

320 


+ denotes a positive test for other-soluble rod pigments. 

— denotes a negative test for ether-soluble red pigments. 

Ascorbic acid excretions are given in milligrams per diem. 

Plasma values of ascorbic acid (superior figures) mg. per 100 cc. of plasma: 

1, 0.5S; 2, 0.G2; 3, 0.60; 4, 0.40; 5, 0.92; 0, 0.30; 7, 0.42; S, 0.54; 9, 0.80; 10, 0.91; 11, 0.88; 12, 0.67; 13. 0.58; 
14, 0.73; 15, 0.80; 16, 1.08; 17, 0.90; 18, 0.95; 19, 1.20; 20, 2.16; 21, 2.64. 


Effect of Sa'nthetic Niacin-free B Complex on Porpha'rinuria 

Porphyrinuria test 
Days 


Table 0. 


Subject 

Age 

Se.Y 

YLE. 

87 

F 

P. A. 

79 

F 

P. L. 

88 

F 

P. C. 

69 

M 

C. N. 

84 

M 

C. S. 

76 

M 

F. W. 

S3 

F 


1 

2 

3 

4 

5 

G 

7 
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+ 

+ 

4- 

4- 

4- 

4- 

+ 

+ 

+ 

4- 

4- 

— 

4- 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

+ 

+ 

4- 

— 

4- 

4- 

4- 

+ 

+ 

— 

4- 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4- 
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+ 

4- 

4- 
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change for 2 successive days in any of these indiv- < ’• . 

the high ascorbic acid retention and elevated blood ■ . ■ 

C (Table 5)_. To control this study stiU further, 7 subjects showing ewclence 
of porphyrinuria were given niacin-free synthetic vitamin B complex 
tablets composed of the foUomng: thiamin hydrochloride 1.5 mg. ; riboflavin 
2.2 mg.; pyridoxin 1.5 mg.; and calcium pantothenate 10 mg. The amount 
of thiamin hydrochloride and riboflavin in each tablet corresponded to the 
daily requirement of these vitamins according to the National Research 
Council Committee on Foods and Nutrition. The dosage of the pjridoxin 
and calcium pantothenate in each tablet xvas in accordance with Wi]liam.s’'' 
prescription of the daily requirement of these components of the vitamin B 
complex. Each of the 7 subjects recehmd 2 of the tablets daily, or a double 
dose of the daily requirement, for 7 days. In none of the individuals was 
the test negatixm for the excretion of porphj'rins for 2 .successive days 
(Table 6). An attempt was also made to induce porphjTinuria by placing 
some of the subjects upon a niacin-free diet. But this phase of the e.xperi- 
ment had to be discontinued when the indirdduals refused to remain on 
the restricted diet. 

Comment. In a group of so-called normal aged individuals who 
showed evidence of porphyrinurk, the administration of niacin 
resulted in the disappearance of the ether-soluble red pigments 
from the urine. The explanation of this phenomenon is still debat- 
able. Spies and his coworkers,’® as well as Turner,’® stated that 
when either niacin or its amide was administered to an individual 
showing porphyrinuria, the latter candition disappeared. This oc- 
curred in disorders such as pellagra, diabetes, and Roentgen ray dis- 
ease. Dobriner and Rhoads,® on the other hand, claimed that there 
was no close relationship between a lack of niacin and an increased 
e.xcretion of ether-soluble red pigments. ICark and Meikeljohn*^ 
stated that while alcoholic pellagrins occasionally exhibited an 
increased excretion of ether-soluble red pigments, this porphyTinuria 
urns by no means a constant finding and bore no relationship to 
pellagrous dermatitis or to prolonged exposure to sunlight. Gross 
and his coworkers® demonstrated that niacin cleared up the por- 
phyrinuria which was present in 7 painters suffering from lead 
poisoning. Dobriner, Strain and Localio'* suggested that porphyr- 
inuria may be a consequence of some liver dy'sfunction since they 
did not find an increased excretion of urinary porphyrins to be an 
essential feature of pellagra. Brugsch® stated that porphyrimirm 
may be caused l)y liver dysfunction, as a result of a deficiency of 
niacin, which would be just sufficient to prex'ent the normaHunc- 
tioning of the liver, but not enough to produce clinical manifesta- 
tions. In our subjects, the disappearance of the porphyrinuria 
after the administration of niacin miglit possibly be explained on 
the basis of a subclinical deficiency of this vitamin. In a previoii.s 
paper we showed that normal, aged individuals were lacking j” 
ascorbic acid.’® Clinical experience has shown that a deficiency m 
one vitamin often indicated deficiency in the other vitamins. Ihit, 
on the other hand, the normal excretion of niacin by our subjects 
did not seem to bear out the deficiency theory. Tiie contention 
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that niacin corrects the liver function and thereby exerts a benefieial 
effect on the porphyrinuria seems the most likely explanation. 
This is suggested by the fact that in determining the cholesterol 
partition in the normal aged, we found the percentage of free 
cholesterol in whole blood to be higher and the percentage of 
cholesterol esters to be lower than those reported in normal indi- 
viduals below 60 years of age.“ We also observed, in making a 
comparative study of various liver function tests in a group of 
50 normal aged individuals, that a positive test for hepatic impair- 
ment was obtained in 86% of the subjects.^^ Hepatic impairment 
is probably a normal condition in the aged, and porphyrinuria may 
be an indication of this. The addition of niacin probably improves 
the hepatic function. In this connection Sebrelb^ suggested that 
niaein, instead of being directly associated with the metabolism of 
hemoglobin (which is the source of the porphyrins), acts either as 
a provitamin, or may be conjugated in the body with other sub- 
stances into a more complex material. He further stated that the 
latter is the more tenable theory, since Warburg’s enzymes, diphos- 
phonucleotide and triphosphonucleotide, each contain a molecule 
of niacin. 

Summary. 1. The administration of niacin to a group of normal, 
aged individuals resulted in the disappearance of porphyrinuria. 

2. The niacin was stored by the body for an average of 4,5 days, 
as evidenced by a return of the porphyrinuria. 

3. In a control series, which did not receive niacin, no decrease 
in the porph^Tinuria was observed. 

4. Niacin excretion in the aged individuals in this study was 
found to run approximately at the same levels in all subjects. 

The authors wish to thank Dr, Samuel Seidenberg and Miss Edna Albert, R.N., 
for their technical assistance. 
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Accepted Pictxjee of Riboflavin Deficiency 
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.school; RE.SBARCH FELLOW, PHILADELPHIA GENERAL HOSPITAL 
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PHILADELPHIA, PA. 

(From the Gastro-Intestinal Section (Kinsey-Thomas Foundation] of the Medical 

Clinic and the Ophthalmology Clinic, University of Pennsylvania Hospital, and 
the Thompson A''itamin Clinic of the Philadelphia General Hospital) 

During the past few years certain subjective and objective 
clinical disturbances have been ascribed to a deficiencj’- of riboflavin 
and have been reported to disappear when that vitamin is admini- 
stered. As a result a description of a syndrome of “ariboflavinosis” 
has found its way into at least one modern textbook of medicine," 
and the affection has been accorded a high incidence in some parts 
of the country. The present paper reviews the literature on the 
subject and summarizes personal experience in the treatment with 
riboflavin of some of the lesions attributed to its deficiency. Since, 
however, much of the data in the literature has been found to be 
conflicting and many of the lesions under our observation have 
failed to respond satisfactorily to the administration of riboflavin 
it is believed bj" us that the existence of a true syndrome of aribo- 
flavinosis in the human is not yet established. 

Analysis .of Literature. The clinical phenomena that have been 
attributed to a deficiency of riboflavin are; (1) a cheilosis; (2) a 
seborrheic type of dermatitis, found in the nasolabial folds, on the 
aim nasi, in the vestibule of the nose and on the ears; (3) a vas- 
cularizing keratitis, manifested by dimness of vision, photophobia, 
lacrimation and burning and, on slit-lamp examination, by corneal 
vasculization ; (4) a specific form of glossitis, characterized by a 
purple-red or magenta color of the tongue and by enlargement or 
flattening of its filiform papillae. Pemphigus vulgaris, though not 
attributed to a deficiency of riboflavin, has been reported to respond 
favorably to its administration. 

1 . Cheilosis. A characteristic lip lesion was observed by Sebreli 
and Butler‘s to develop in 10 of 18 patients on a diet deficient in 
ribofla\’in and nicotinic acid and to heal when synthetic riboflavin 
was administered. It did not respond to nicotinic acid alone. Sub- 
sequently, in certain instances of suspected deficiency, the cheilotic 
lesion was observed to heal when either riboflavin" or the 
B complex" or both together*^ were administered. In most of the 
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above instances the lesion was believed to be due to riboflavin 
deficiency. Some of the data, however, permit skepticism as to 
whether or not riboflavin had anything to do with the disappearance 
of the lesion. For instance, the lesion in Sydenstricker’s Case 2 
healed while nicotinic acid alone was being administered, and that 
of his Case 5 first healed before any riboflavin was administered. 
From the observation of others it has become evident that the 
administration of fractions of the B complex other than riboflavin 
may be accompanied by healing of the lip lesion. Smith^® and 
Machella® observed healing when pyridoxine alone was administered. 
Some cases have responded favorably to nicotinic acid alone and 
some have failed to respond to either riboflavin or pyridoxine or 
nicotinic acid, and have healed only when the entire B complex 
was administered. Furthermore, certain of the lesions, especially 
the hemorrhagic ones, have healed only when a scorbutic state was 
corrected (Machella®). 

2. Dermatitis. , Sebrell and Butler^’ first reported the develop- 
ment in their subjects on a diet deficient in riboflavin and nicotinic 
acid of a fine, scaly, slightly greasy desquamation on a mildly 
erythematous base in the naso-labial folds, on the alee nasi, in the 
vestibule of the nose and on the ears. These authors, however, did 
not state very clearly whether or not this lesion disappeared when 
riboflavin was administered and published none of the details con- 
cerning healing. A similar affection was said by Oden^® to disappear 
when riboflavin alone was administered. Jollifi’e'^ claimed that a 
more advanced stage of this skin lesion, occurring at similar sites, 
consisted of filiform excrescences. This type, according to Smith,^” 
does not respond to riboflavin, disappears slowly when nicotinic 
acid is administered and heals most promptly when the patient 
receives autoclaved yeast. Another type of facial skin lesion some- 
what different from that originally described by Sebrell and Butler 
and ascribed to riboflavin deficiency was called by Spies®® “shark 
skin” and consists of a roughening of the skin around the mouth 
and across the tip of the nose. The pores of the affected areas are 
filled with sebaceous material. 

3. Keratitis. An ophthalmic affection ascribed to riboflavin 
deficiency consists of a superficial vascularizing keratitis.®-®^ It is 
manifested subjectively by dimness of vision, photophobia, lacrma- 
tion and burning. Slit-lamp examination reveals circumcorneal 
injection and superficial corneal opacities. The subjective and 
objective manifestations are alleged to disappear while riboflavin 
IS being administered and to recur when this vitamin is no longer 
supplied. Prompt healing of this type of keratitis, associated with 
the rosacea syndrome, was observed in 32 out of 36 cases reported 
by Johnson and Eckardt® when the patients received riboflavin. 
Rones and jSIcICay^'’ found that also a type of non-vascular keratitis 
may respond to riboflavin. On the other hand. Spies®® claims tliat 
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ocdar symptoms somewhat similar to those described by Syclen- 
stricker may disappear when vitamin A is administered. It is also 
interesting to note that, although a vascularizing keratitis was 
observed in experimental animals on a riboflavin deficient diet by 
Bessey and Wolbach^ and by others, no such lesion was observed 
to develop in Sebrell and Butler’s human subjects on a diet deficient 
in this vitamin. 

4. Glossitis. A specific form of glossitis also has been ascribed 
to riboflavin deficiency: the tongue is purple-red or magenta in 
color’® and the filiform papillae are flattened out or mushroom 
shaped.®’®'^^ The evidence for such a lesion being due to riboflavin 
deficiency is not clear. It was not observed to develop in Sebrell 
and Butler’s experimental subjects. Rosenblum and Jolliffe'® 
recently found the magenta color of the tongue uninfluenced by the 
administration of riboflavin in some patients, while in one instance 
the tongue. was restored to normal by pyridoxine and in others by 
the administration of the entire B complex. Weisberger^® ascribed 
an altogether different appearance of the tongue to riboflavin 
deficiency. In his cases, the tongue first became coated, this being 
follow'ed by a patchy desquamation, usually oval in shape, the 
center of w'hich was atrophic and the periphery raised. Although 
large oral doses of riboflavin were ineffective, restoration to normal 
was obtained by him when small doses were given intravenously. 

5. Pempkigvs Vulgaris. Topping and ICnoefel^ reported the 
successful use of riboflavin in a patient with pemphigus vulgaris, 
but this wms not confirmed by the experience of Wolf and Lewis.®’ 

Description of Cases and Procedure. The 20 subjects for our study 
w^ere patients in the wards and out-patient departments of the 
L'niversity of Pennsylvania and of the Philadelphia General Hos- 
pitals. Three of them had more than one lesion that has been 
ascribed to riboflardn deficiency. Patient D. C. had the cheilosis, 
the magenta-colored tongue with enlarged papillae, corneal opacities 
and conjunctival injection. She had no corneal vascularization, but 
a marked arcus senilis was present which, according to Sydenstricker, 
forms a barrier to vascularization at the limbus. Patients A. L- 
and R. G. had botli the cheilosis and the magenta-colored tongue 
with flattened papillm. 

.Nine of the 20 subjects had the eye lesions, with both subjectiw 
and objective manifestations, which Sydenstricker and others have 
claimed should disappear when riboflavin is administered. Five of 
the total group had cheilosis. Six had glossitis, and 4 had pemphigus 
\-ulgaris. 

A synthetic riboflavin* was administered orally. The dose during 
the first week or two was 2 mg. in tablet form 3* times daily. If uo 
response occurred at the end of such a time, the amount of ribo- 
flavin was increased. The achlorhydric patients received in addition 
* Generously supplied by Merck and Company, Ine.. Rahway, NJ. 
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at least 1 cc. of dilute hydrochloric acid %vith each meal. If no 
favorable response occurred after the combined therapy, another 
vitamin was prescribed and the riboflavin discontinued. No other 
vitamin supplements were permitted while the effect of one vitamin 
was being observed. No change in the dietary habits of the out- 
patients was allowed while under the vitamin treatment. In those 
patients admitted to the wards, however, access to a house diet 
was allowed. Such a diet satisfied the daily vitamin A and riboflavin 
requirements as recommended by the Committee on Foods and 
Nutrition of the National Research Council,® providing all the food 
proffered over a 24-hour period was ingested. All of the patients 
with an ej'e lesion received, besides the vitamins, such local therapy 
as atropine and heat. Colored photographs of all lesions observed, 
as well as slit-lamp examinations of the corneal lesions, were made 
periodically. Greater detail as to the lesion characteristics are 
presented in the accompanying tables. 

Results. 1. Cheilosis. One^ of us has pre’S'iouslj’ reported nega- 
tive results in the treatment of 8 cases of cheilosis with riboflavin. 
Since then 5 additional cases have been so treated and with equally 
negative results. One of the patients (D. C.) also failed to respond 
favorably to subsequent separate courses of pjTidoxine and of 
nicotinic acid and to the correction of a scorbutic state, but the 
lesion did heal when brewer’s yeast was administered. This patient 
had, in addition to the cheilosis, a purple-red tongue with enlarged 
papillae and an ophthalmic lesion which also were refractory to 
riboflavin. In a second patient (F. M.) the lip lesion remained unhealed 
during subsequent separate courses of pyridoxine and of ascorbic 
acid. She also finally responded favorably to brewer’s yeast. The 
lesion of a third subject (A. L.), who also had a purple-red tongue 
with enlarged filiform papillae, remained unhealed despite a sub- 
sequent course of p^widoxine, and healed onlj' when the entire 
B complex was supplied. The lesions in patients M. P. and R. G. 
healed promptly when brewer's yeast was substituted for the ribo- 
flavin (Table 1). 

T.\ble 2. — C.\SEs OF Pempuigu-s Vci-cahis Theated With HiBori.AVi.*.' 
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2. Dermatitis. We have had no significant experience in the 
treatment of the lesions of the face that have been ascribed to a 
deficiency of riboflavin. The administration of riboflavin to 3 acute 
and to i chronic case of pemphigus, however, brought about no 
improvement in the character or decrease in the number of the 
lesions. The 3 patients with the acute form of the disease died 
while under observation (Table 2). 

3. Keratitis. The results of treatment with riboflavin in the 9 
patients with corneal lesions were disappointing (Table 3). Only 
one of them (T. B.) experienced permanent subjective improvement, 
and even in him no objective change Avas observed. Five patients 
(H. T., N. T., M. C., M. H. and W. M.) at first showed temporary 
subjective and objective improvement but relapsed while the ribo- 
flavin therapy was continued- The cutaneous rosacea of the 5 
patients with rosacea keratitis was uninfluenced by the vitamin 
during its period of administration. 

4. Glossitis. Six patients with a purple-red or magenta-colored 
tongue and Avith flattened or mushroom shaped filiform papillae 
Avere treated Avith riboflavin. One of these (D. C.) had in addition 
a cheilosis and a lesion of the eye. In none of them Avas the appear- 
ance of the tongue significantly altered by the administration of the 
vitamin; in 4 (P. B., R. G., B. S., D. C.) a return to normal occurred 
after brcAver’s yeast, and in 1 (A. L.) after pyridoxine Avas admin- 
istered. In the 6th (M. A.) an opportunity to observe the results of 
vitamin therapy other than riboflavin was not afforded (Table 4). 

Comment. In vieAv of the successful results from the administra- 
tion of riboflavin in various clinical conditions reported by others 
Ave were disappointed to observe no significantly favorable response 
in our cases. The potency of the synthetic riboflaAdn that Ave used 
AA’^as indicated by the fact that it AA'^as effective in the prevention of 
alopecia in rats maintained on a B complex deficient diet. Further- 
more, it AA^as the same preparation stated to be beneficial by other 
Avorkers. That patients were absorbing or utilizing the material 
satisfactorily Avas ansAA’'ered by finding in all instances the char- 
acteristic fluorescence AAdien the urine AA’^as exposed to ultraviolet 
light. Furthermore, because Johnson and Eckardt® noted that their 
cases of rosacea keratitis AAdiich failed to respond to riboflavin had 
achlorhydria, we administered dilute hydrochloric acid in all of our 
achlorhydric patients. The mechanism which accounts for the 
failure of the achlorhj'^dric patient to absorb or utilize the Autamin 
is not clear. 

As to the adequacy of the dosage employed, the dailj’' amounts 
regarded as effectiA’e by some of the other workers Avere as follows: 
in the treatment of cheilosis, 1 to 2 mg.,^'^ 3 to 5 mg.;-^--- and in the 
treatment of ocular lesions, 3 to 5 mg.-'* None of our patients, how- 
ever, receiA'cd less than 6 mg. daily, in divided doses, and if no 
response occurred vuthin a week or two the dosage frequently AA^as 
increased. 
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A critical examination of the reports on some of the cases in 
which a riboflavin cure has been claimed reveals that in several 
instances the conclusions as to specific etiology are scarcely justi- 
fiable. _ For example, evidence is gradually accumulating that the 
cheilosis is non-specific, since in some instances it appears to respond 
to riboflavin, in others to pjn-idoxine, nicotinic or ascorbic acid, and 
at times only to the entire B complex. Furthermore, some cases 
of cheilosis resist vitamin therapy of any tjTpe, and indeed the 
lesion has been reported as being due to sensitivity to the flavoring 
matter of chewing gum^^ as well as to the eosin dye in lipstick.^ 

The role of improperly fitting artificial dentures in the production 
of cheilosis requires evaluation. Fourteen out of our 23 patients 
with this lesion had both upper and lower plates. At first we were 
inclined to look upon such individuals as especially predisposed to 
a vitamin deficiency because of their inability to masticate such 
foods as meat. It is possible that a closer apposition of the upper 
and lower limbs of the lips at the angles of the mouth as a result 
of an absence of teeth or even after the prolonged wearing of arti- 
ficial dentures may predispose to the development of such a lesion. 
The discrepancies in the literature with regard to the dermatitis 
and the glossitis ascribed to riboflavin deficiency have already been 
referred to. Our series serves to emphasize the fact that certain 
cases, with the subjective and objective manifestations ascribed to 
riboflavin deficiency, do not improve when riboflavin is administered. 

Conclusion. The conflicting data in the literature and our per- 
sonal experience wdth 20 cases of so-called ariboflavinosis with lesions 
of the lips, cornea and tongue usually ascribed to a deficiency of 
riboflavin make us doubt the validity of this syndrome. 
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EELATIVE ABSORPTION AND CONJUGATION OF 9 COMPOUNDS 
BY HUMANS DURING A 3-HOUR PERIOD* 

(FREE AND CONJUGATED BLOOD LEVEL DETERMINATIONS DURING 
A 3-Hour Period Following Peroral Administration of 
THE Acid Salts Alone, the Acid Salts With sodium Bi- 
carbonate, AND THE Sodium Salts of Sdlfapyridine, 
SULFATHIAZOLE, AND SULFADIAZINE) 

By Elmer H. Loughlin, M.D. 

Richard H. Bennett, M.D. 

Mary E. Flanagan, B.S. 

AND 

Samuel H. Spitz, M.D. 

BROOKLYN, N. Y. 

(From the Department of Internal Medicine, Long Island College of Medicine) 

Since the introduction of the sulfonamide compounds, many 
studies on their absorption, excretion, and distribution in the 
tissues have been reported. However, with a few exceptions, in 
the studies on absorption as determined by levels which these sub- 
stances reached in the blood, observations have rarely begun before 
1 hour after the administration by mouth.^ Sadusk and his col- 
laborators^ have made observations as early as | hour. Blood level 
determinations in dogs have been made as early as 15 minutes after 
oral administration, but these were confined to the free drug, since 
it was stated that conjugation of the sulfonamide compounds 
occurred only slightl 5 ’^ in dogs.^ No determinations of both free and 

* This work was made possible by a grant from the Winthrop Chemical Company, 
and the T>t. Frank E. West Fund, established by Miss Elizabeth Frothingham, and 
tlic John C. Warren Memorial Fund, established by Dr. Luther F. Warren, in mem- 
ory of his son. 
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conjugated sulfonamides in the blood of human subjects have been 
made before | hour. It was felt, therefore, that it would be informa- 
tive to determine the time of appearance of the sulfonamides in the 
blood as free and possibly as conjugated forms after peroral admini- 
stration in humans. 

This article is devoted to the study of free and conjugated sulfona- 
mide levels obtained in the blood at 5-minute intervals during the 
first I hour and at 10 and IS-minute intervals during the remainder 
of the 3-hour period after the administration by mouth to human 
subjects of the acid and sodium salts of sulfapjTidine, sulfathiazoie, 
and sulfadiazine. 

Methods and Materials. The subjects were ward patients who vere 
ill with various conditions or who had recently convalesced from acute 
illnesses. Ten subjects were used for each salt in the human series. They 
had not received any sulfonamide compound within 7 to 10 days before 
starting the experiment. They were fasted from supper of the evening 
prerdously; they did not receive any breakfast, and no fluids^ other than 
that which accompanied the administration of the drug were given. 

The acid salts were suspended in 4 ounces of tap water, making certain 
that the entire amount was given. These were given alone in single doses of 
4 gm., and in single doses of 4 gm. accompanied by an equivalent quantity 
of sodium bicarbonate. The sodium salts were dissolved in 4 oz. of tap 
water and were given in single doses of 4 gm. 

Blood was taken for determination of free and total sulfonamide at 
intenmls of 5 minutes during the first 3 hour after administration, at 10 - 
minute intervals during the second J hour, and at 15-minute intersmls during 
the second and third hour. 

Determinations of the free and ' ’n the blood were cameo 

out according to the procedure of ■ and_ Litchfield, employ- 

ing in most instances a Klett-Sunamerson photoelectric colorimeter wtih 
a No. 54 filter. 

Observations. Blood concentrations in human subjects during 
a 3-hour period following peroral administration of single 4-gin- 
doses of the sulfonamide compounds. 

Svifapyruline (Chart 1). Sulfapjmidine was found in small 
amounts in the blood in 4 of 10 determinations, 5 minutes after the 
acid salt alone had been given, in 2 of 9 determinations after the 
acid salt with sodium bicarbonate, and in 7 of 9 determinations 
after the sodium salt had been given. 

At 5 minutes in 2 of the 4 determinations in those subjects 
receiving the acid salt alone, both free and conjugated forms were 
found in the blood. The conjugated form alone was found in 1 su i- 
ject given the acid salt with sodium bicarbonate and in 2 of thosc 
given the sodium salt. _ _ 

lYithin 20 minutes after administration, all subjects given the 
acid salt had determinable sulfonamide in the blood. In 
given the acid salt with sodium bicarbonate, all had the sulfona- 
mide in the blood within 10 minutes, and in those receiving the 
sodium salt, the sulfonamide was present in the blood within 
minutes. 
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Siilfathiazoh (Charts 2, 3, 4). Determinable amounts of sulfa- 
tliiazole were present in the blood in 2 of 10 determinations 5 minutes 
after the acid salt alone had been given, in 4 of 10 determinations 



Chart 1. — Free blood levels of sulfapyridine after a single 4 gm. peroral dose of 
the sodium salt of sulfapyridine. 



Chart 2.— Free blood levels of sulfathiazole after a single 4 gm. peroral dose of the 

acid salt of sulfathiazole. 



Fig. 3.— Free blood levels of sulfathiazole after a single 4 gm. peroral dose of the 

sodium salt of sulfathiazole. 



Chart 4. Average free and total blood levels of sulfathiazole after a single 
4 gm. peroral dose of the acid salt of sulfathiazole administered with 4 gm. of sodium 
bicarbonate. Dotted line = free; solid line = total (free + conjugated). 
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after the acid salt with sodium bicarbonate had been given, and 
in 6 of 10 determinations after the sodium salt had been given. 

In 1 of the 2 determinations in 5 minutes of those subjects receiv- 
ing the acid salt alone, both free and conjugated forms were found 
in the blood. The conjugated form alone was found in the blood 
in 1 subject receiving the acid salt with sodium bicarbonate and 
in 2 of those given the sodium salt. 



Chart 5. — Free blood levels of sulfadiazine after a single 4 gm. peroral dose of the 
sodium salt of sulfadiazine. 


In all subjects given the acid salt alone there was determinable 
sulfonamide in the blood in 30 minutes and in all those receiving 
the sodium salt alone and the acid salt with sodium bicarbonate, 
all had sulfonamide in the blood ■ndthin 15 minutes.* In 2 subjects 
determinable sulfathiazole was found at 2 minutes after administra- 
tion. It then disappeared and returned at 4 minutes and 10 minutes 
respectiveljb In the latter subject, no blood specimens were obtained 
from the 5-minute interval to the 10-minute interval. In 2 other 
subjects, free sulfathiazole was found at 3 minutes after the initial 
dose. 

S^dfadiazmc (Charts 5, 6, 7, 8). Sulfadiazine in small amounts 
was present in the blood in 4 of 10 determinations made 5 minutes 
after the acid salt alone had been given, in all of the 10 determina- 
tions after administration of the acid salt with sodium bicarbonate, 
and in 7 of 9 determinations after the sodium salt had been given. 

In those subjects receiving the acid salt alone, both the free and 
conjugated forms were found in the blood in 3 of the 4 determinations 

* In scvemi subjects at the start of this study, determinations were made o! 
free levels reached in the blood at J-minute inter\'als for the first 5 minutes after 
administration of a single dose of 4 gm. of sodium sulfathiazole. In 1 subject, a 
determinable amount of sulfathi.azole appeared in the blood within 1 minute after 
administration. Blood taken at minute intervals for the next 4 minutes revcale'l 
no free sulfathiazole. 
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made. In those subjects recehdng the acid salt witJi sodium bicar- 
bonate, the conjugated form alone was found in 3 and both con- 
jugated and free forms in 3. In those to whom sodium salt was 
administered, the free and conjugated forms occurred but once. 



CiiAUT S. — Average free and total blood levels of sulfadiazine after a single 4 gm. 
peroral dose of the sodium salt of sulfadiazine. Dotted line == free; solid Ime = 
total (free + conjugated). 

All subjects who were given the acid salt presented determinable 
sulfonphde in the blood mthin 15 minutes; whereas, in those 
receiving the acid salt with sodium bicarbonate, the sulfonamide 
was present in every instance within 5 minutes; and in those given 
the sodium salt it was present in all instances in 10 minutes. 
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Table 1. — Results 

(Blood Concentrations in Human Subjects During the 3-hour Period Following 
Peroral Administration of Single 4 Gm. Doses of the Sulfonamide Compounds 
Percentage of determinations showing drug 
m blood at 5 minutes as; 


SuJfapyridine 

Free 

alone 

10 

Free and 
conjugated 

20 

Conjugated 

10 

Tota 

40 

Minutes* 

20 

Sulfapyricline with sodium 
bicarbonate . 

0 

11 1 

11 1 

22 2 

10 

Sodium sulfapyridine 

50 

0 

20 

70 

10 . 

Sulfathiazole 

10 

10 

0 

20 

30 

Sulfathiazole with sodium bi- 
carbonate 

20 


10 

40t 

15 

Sodium sulfathiazole 

40 

0 

20 

60 

15 

Sulfadiazine 

10 

30 

0 

40 

15 

Sulfadiazine with sodium bi- 
carbonate 

40 

30 

30 

100 

5 

Sodium sulfadiazine 

55 5 

22 2 

0 

77 7 

10 


* Period after administration -when all subjects had demonstrable drug in blood 
stream. 

t Total level of drug was not obtained in one instance. 


Fluctuations in the blood levels occurred in many of the subjects 
receiving the acid salts with sodium bicarbonate. This was par- 
ticularly true in those receiving sulfadiazine and sulfathiazole. 
Wider fluctuations occurred with those receiving the sodium salts. 
This was especially marked in the case of sodium sulfadiazine. 
This would indicate that absorption of these three sulfonamides 
in an alkaline medium is anything but regular. 

Summary and Conclusions. Experiments on man were made 
relating to the absorption of the acid and sodium salts of sulfa- 
pyridine, sulfathiazole, and sulfadiazine, as evidenced by blood 
levels obtained at short intervals during a 3-hour period following 
administration. 

The acid and sodium salts of sulfapjTidine, sulfathiazole, and 
sulfadiazine were rapidly absorbed from the gastro-intestinal tract, 
presumably from the stomach, as evidenced by their appearance in 
many instances as early as 5 minutes after peroral administration. 

The absorption of the acid salts apparently is favored by simul- 
taneous administration of an equal amount of sodium bicarbonate. 
The absorption of the sodium salt, as demonstrated by blood levels 
obtained, was more rapid and greater than the absorption of tlie 
acid salt alone or the acid salt with sodium bicarbonate. 

The absorption of the acid salts with sodium bicarbonate and 
the sodium salts of these 3 sulfonamide compounds, as evidenced 
by fluctuating blood le\'els obtained at short intervals during the 
3-hour period after administration, was irregular as compared to 
the absorption of the acid salts wlien given alone. 

Conjugatcfl forms were present in the blood as earl}’ as 5 minutes 
after peroral administration of the acid and sodium salts of these 
sulfonamide compounris: in some instances being the only form 
present. 
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Conjugation was more marked when the acid salts of sulfa- 
pyridine and sulfadiazine were administered with sodium bicar- 
bonate) than when their respective acid salts were given alone. 

There was less conjugation when the acid salt of sulfathiazole 
was given with sodium bicarbonate than when the acid salt alone 
was given. 

The average degree of conjugation was greater when the sodium 
salts of sulfapyridine, sulfathiazole, and sulfadiazine were given 
than when their respective acid salts alone, or the acid salts with 
sodium bicarbonate were given. 

We wish to express our appreciation to Dr. Tasker Howard for his careful criticism 
and suggestions throughout this study. 

We wish to thank also Mr. Sidney M. Karlton for his cooperation in our study. 
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THE OCCURRENCE OF ABNORMAL CAPILLARY FRAGILITY IN 

THE NEWBORN* 

By William Curry Moloney, M.D, 

assistant professor of medicine, tufts college medical school, 

BOSTON, mass. 

The hemorrhagic disorders in the newborn have been the subject 
of renewed and intensive investigation since the development of 
improved methods for the study of prothrombin and the discovery 
of vitamin K. However as Quick^ has pointed out, for abnormal 
bleeding to occur there must not only be an interference with the 
coagulating mechanism of the blood but also a break in the vascular 
integritjL Recently MacFarlane® has emphasized the vascular 
factor in hemostasis, stating that in hemorrhagic diatheses the 
bleeding tendency may be due to a combination of clotting and 
capillary defects. Since hemorrhagic tendencies and lowered pro- 
thrombin levels usually develop within the first week of neonatal 
life, this preliminary investigation was undertaken to determine if 
abnormal capillary fragility also occurred during this period. 

* Read before the John Taylor Bottomly Society of the Carney Hospital, South 
Boston, Mass,, April 7, 1942. 
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None Sliqhi Moderaie Severe Very Severe 
Fragility 

Chaht 1. — Capillary fragility in the newborn. 
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CuAWT 2. — C.apillnrj' fragility in the newborn — 55 cases. 
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creased postnatally, both qualitativelj^ and quantitatively. Thus, 
there was a definite decline from a total of 56% positive tests of all 
degrees within the first 24 hours to a total of only 16% milrlly 
positive tests after the fourth postnatal day. (See Chart 2.) 

Discussion. Gross trauma is an obvious cause of vascular injury, 
but trauma may be a relative term; even normal functional pressure 
can produce capillary disruption if there is underlying weakness of 
the vascular endothelium. It is possible to tabulate many extrinsic 
and intrinsic factors which may damage the capillary wall: deficiency 
of vitamins C and P, the action of various capillary toxins, the type 
of skin, the platelet level, and prematurity of the infant should he 
considered. (See Table 1.) 

Table 1. — Potektial Causes or Decreased Capillarv Resistance 

IN THE NE^VBORN 

I. Extrinsic, 
a. General. 

1. Seasonal changes. 

2. Temperature. 

3. Barometric pressure. 

B. Malernal. 

1, Prenatal. 

a. Deficiency of %'itamin3 C and P. 

h. Toxins, chemical, bacterial, nephroto.xins. 

2. Parturition. 

a. Analgesia. 

h. Anesthesia. 

c. Duration of labor and type of deliveiy. 

11. Intrinsic (infant). 

1. Prematurity. 

2. Type of skin. 

3. Hereditary or congenital capillary defects. 

4. Thrombocytopenia. 

5. Anoxemia. 

However, the greatest interest centers about the process of par- 
turition, and it is evident that the amount and kind of analgesia 
and anesthesia, the duration and character of labor, and the manner 
of deliverjr are factors of paramount importance in the potential 
production of abnormal fragility in the newborn. Information 
about the mother’s age, parity, diet, and occurrence of toxemia, as 
well as data concerning the process of parturition, was obtained in 
this small series of cases. Although these data were not sufficient 
to permit an evaluation of the various factors, it is interesting to 
note that the duration of labor for the infants with severe and very 
severe capillary fragility averaged 14 hours, while the duration of 
labor for the moderate, slight, and negative groups was on the 
average approximately 5 hours. With few exceptions, the patients 
in this series had some analgesia and anesthesia, and it is obvious 
that more drugs and anesthesia were required in the group with 
prolonged and difficult labors. 

It is possible that analgesic and anesthetic agents may have a 
direct toxic effect on the capillary endothelium, but it is far more 
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likely that the combined effects of labor, analgesia and anesthesia 
result in anoxia in the infant. 

Clifford^ states that the effect of oxygen lack on the smaller 
cerebral vessels is to increase the fragility of the vessel wall and to 
produce actual leakage of red blood cells and even small hemorrhages. 
Nygaard® points out that once failure of the capillary defense has 
initiated bleeding, the clotting mechanism, defective due to lack of 
prothrombin, may permit hemorrhage to continue and become 
clinically significant. Therefore, findings in this preliminary report 
of abnormally low capillary resistance in a number of infants during 
the period in which hypoprothrombinemia and hemorrhagic dis- 
orders occur most frequently may have a relationship to abnormal 
bleeding in the newborn. 

Summary and Conclusions. 1. In a preliminary study of capillary 
resistance in the newborn, of 55 infants, 33 (60%) showed more or 
less abnormal capillary fragility. 

2. This decreased capillary resistance disappeared as the infants 
became older. 

3. Various factors influencing permeability of the capillary wall 
are outlined, and the possible relationship of abnormal capillary 
resistance to hemorrhagic disorders in the newborn is postulated. 

Thanks are extended to Louis Phaneuf, M.D., Chief of the Obstetrical and Gyne- 
cological Service, and Paul Jakmauh, M.D., Chief of the Pediatric Service at the 
Carney Hospital, South Boston, Mass., for permission to carry out this study. 
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BILATERAL PARTIAL BUNDLE BRANCH BLOCK=^ 

By Sidney Strauss, M.D. 

AND 

Richard Langendorf, M.B. 

CHICAGO, ILL. 

(From the Cardiovascular Department, Michael Reese Hospital) 

There are only a few cases on record of sinus rhythm witli intra- 
ventricular block in which the tjqie of the ventricular complex varied 
between the common and uncommon bundle branch block tjqies 
(AVinterberg;® Barnes and Yater;^ Stenstrom;'' Grassberger;® ICatz, 

* Aided by the A. D. Nast Fund for Cardiovascular Research. 
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Hamburger aiid_ llubinfeid;^ Mortensen^). On this account it 
seemed worthwhile to report such a case seen recentljL and to dis- 
cuss the mechanism of the disturbed intraventricular conduction. 

Case Report. This 58-year-old male was first seen by one of us (S. S.) 
in June, 1939, shortly after he had had a momentary fainting spell. On 
physical examination the heart was found to extend 3.5 cm. to the right and 
12 cm. to the left of the midstemal line. There was a systolic murmur at 
the apex arid over the aortic area. The aortic second sound was accentu- 
ated and ringing. At times there was a diastolic gallop rhythm. The 
pulse rate was 48 and during the examination changed to 108 on taking 
a deep breath. The blood pressure was 180/80 and changed to 174/104 
when the pulse became rapid. The liver was palpable 2 fingers’ breadth 
below the costal margin. There was a marked arcus senilis. 

The probable presence of heart block raised the question of a recent 
coronary occlusion involving the branch supplying the bundle of His, and 
the patient was sent to the hospital at once. The physical findings in the 
hospital were the same as in the office. The electrocardiogram taken on 
entrance showed a rate of 107, a bundle branch block of the uncommon type, 
a P-R interval of 0.20 second. Records taken on subsequent days showed 
some minor changes— not enough, however, to warrant the diagnosis of a 
recent myocardial infarction. Nevertheless, he was treated as such and 
kept in bed in the hospital and at home for 5 weeks. His course was 
uneventful except for a mild recrudescence of his gout. The temperature 
was normal throughout. There were 13,550 leukocytes with 69% poly- 
morphonuclear cells. The blood pressure varied from 190/130 on entrance 
to 155/100 on discharge. The Wassermann reaction was negative. Tlie 
urine was normal. 

On 7-17-39 the patient returned to his office. On 7-21-39 the finding® 
on physical examination were about the same as before, except that there 
were no murmurs at the apex and no gallop rhythm. The physical findings 
remained unchanged until his death on 3-11-40. He never seemed to 
regain his strength although he was able to work up to 1-25-1940. He 
continued to have attacks of dizziness and fainting at long intervals, some 
while sitting in his office, some while walking in the street. _ , 

On l-25-^O one of us (S. S.) w’as called to his home because of fainting 
.spells which had started in his office and continued in his home. He was in 
bed, having had a series of convulsions, probably 20 or 30 in nuinber which 
varied in duration from a few seconds to several minutes, giving rise to 
queer sounds and at times to vomiting and were associated with uncon- 
sciousness. He was given 1 cc. of 1 : 1000 adrenalin hydrochloride by Iitoo- 
dermic injection and in 15 to 20 minutes his pulse resumed its usual regular 
rhythm. After a few days in bed, he attempted, on advice, to sit up mu 
the dizzy spells recurred on the least exertion. For the first time on 2-24-40 
his sloiv pulse lasted long enough to get an electrocardiogram. Thi.s showu 
the A-V heart block. He was given ephedrine sulphate, gr. ? t.i.u., ancl 
for a week he was apparently much improved. Early in the morning oi 
3-11-40 he was heard groaning, the nurse found him unconscious and lie 
died before medical aid could reach him. . 

Although the original diagnosis of a recent coronary^ occlusion was made, 
the subsequent course and the electrocardiographic findings did not cor- 
roborate this. The picture was more that of coronary sclerosis with grart' 
iial narrowing especialty of the branches going to the bundle of His and itj 
divisions. The usual picture of angina on effort was replaced by that o 
paroxy.smal heart block on effort associated irith Adams-Stokes syndrome. 
Death was due to the marked narrowing or final complete occlusion of t hcf 
branclies involring A-V conduction and not to tlie more u.sual infarction. 
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It is of interest that an older brother died of a similar disease involving 
the conduction system which led to heart block with Adams-Stokes syn- 
drome for several years. A younger sister died with a typical myocardial 
infarction. 

Autopsy Report. (Dr. Otto Saphir.) Pathologic Diagnosis. Marked coro- 
nary sclerosis with occlusion of the anterior descending branch, _ the ramus 
septi fibrosi, and narrowing of the ramus anterior ventriculi sinistri, and 
ramus marginis obtusi. Marked fibrosis of the myocardium. ’ Slight nar- 
rowing of the ostium of the right coronary artery. Hypertrophy of the 
heart (slight— left and right ventricles). Chronic passive hyperemia of the 
liver, spleen and kidneys. Fibrosis of the spleen. Moderate emphysema 
of the lungs. 

The heart weighs 400 gm. The epicardium and endocardium are smooth 
and glistening. The base of the mitral valve is somewhat thickened and 
presents several grayish-yellow plaques. The remainder of the valvular 
apparatus presents no abnormality. The myocardium of the left ventricle 
measures 1.3 cm. in thickness, that of the right ventricle 0.2 cm. at the 
pulmonic orifice, 0.1 to 0.2 cm. at the tricuspid, and 0.1 cm. at the left 
lateral margin. The epicardial fat in some areas is not sharply demarcated 
from the myocardium of the right ventricle. Both ventricular cavities are 
somewhat dilated. The lining of the coronary arteries is covered by 
numerous single and confluent grayish-yellow plaques. These have pro- 
duced partial occlusion of the anterior descending branch 1 cm. from its 
origin and complete occlusion A cm. from its origin. Some narrowing is 
present at the point of bifurcation of the anterior descending and left cir- 
cumflex branches. Further partial occlusions are noted throughout the 
left circumflex branch, ramus anterior ventriculi sinistri, and ramus marg- 
inis obtusi. The mouth of the right coronary artery is somewhat nar- 
rowed by sclerotic plaques. At the posterior crux the mouths of several 
arteries emanating from the right ventricle are completely occluded. 
Among these is probably the ramus septi fibrosi. The ascending portion 
of the aorta presents only a minimal number of plaques. These increase in 
number and maximally involve the lumbar portion of the aorta. 

Microscopic Examination of the Heart. There is a diffuse slight to mod- 
erate increase in connective tissue throughout the myocardium. In addi- 
tion there is a moderate invasion of fat tissue in some sections of the myo- 
cardium. The variously sized coronary arteries show moderate intimal 
thickening, vacuolization, degeneration and fibrosis. Septum: there is a 
marked increase in connective tissue throughout the myocardium. The 
arteries, small and large, show slight to moderate intimal thickening. 
Special muscular tissue: there is a diffuse slight to moderate increase in 
connective tissue throughout the A-V node, the A-V bundle, and the left 
arborization. In addition there are moderate to marked degenerative 
changes throughout the A-V bundle, the number of nuclei being less than 
is normally seen, and some fibers showing marked vacuolization (more than 
normally seen) with, dissolution. Large fat vacuoles are present through- 
out the special muscular tissue. The fibers of the left and right arboriza- 
tion stain irregularly. Some of the nuclei are pj’^knotic and their cytoplasm 
verj" eosinophilic. Brown pigment granules are noted in many of the fibers. 
Two moderately sized arteries course through the A-V node, and one of 
these continues^ through the A-V bundle. Both of these are moderate!}’' 
narrowed by thickening of the intima. 

Description of the Electrocardiograms. The records are shown in Figures 
1 to L _ There is a sinus rhythm in all records, the sums rate bemg 88, 86, 83 
and 75 respectively. The P wave contour varies between records, the 
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Fic. 1. — Sinus rhythm. P-R 0.21 second. QRS duration 0.10 second. Uncommon 
type of intraventricular block. 2-7-40. 
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Fig. 2. — Sinus rhythm. Second detrroe A'-^' block varyintz from 2n m i-crv 
to S' 1 in the other Ic.ads. The direction of QRS lias chanpcd completely, the commo 
t^-pc of j/?lr,avenlricular block is now pre=ent. 2 “24-10. 
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most marked change being in the record taken on 2-26-40 (Fig. 3) where 
the P wave is of lower amplitude in I and II. The QRS measures 0.16 sec- 
ond in all records but its direction changes in the several records; the first 
(Fig. 1) and last (Fig. 4) record show the uncommon type of intraventricular 
block, the second (Fig. 2) and third (Fig. 3) record the common type of 
intraventricular block, but the second record differs from the third in its 
contour, QRSi being lower in amplitude and W in shape. The fi.rst and 
last record (with uncommon intraventricular block) show a P-R interval 
at the upper limit of normal (0.21 second), the second and third record 
(with common intraventricular block) show a second degree A-V block 
varying from 2: 1 to 3: 1. 



Fig. 3. — Sinus rhythm. Second degree A-V block varying from 2: 1 in Lead I to 3: 1 
in the other leads. Common type of intraventricular block. 2-26-40. 


Discussion, intraventricular block is frequently regarded as 

involving only one bundle branch, actually it may involve both. 
^Yhen thorough histologic examination of the conduction system in 
cases of intraventricular block is made, both bundle branches are 
usually found to be involved (Mahaim ;■* Yater, Cornell and Clay- 
tor Yater'°). This would suggest that bilateral involvement 
might be more frequent than hitherto expected. 
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If complete* block is present in both bundle branches, complete 
A-V block results and the ventricles are controlled by an idio- 
ventricular pacemaker. This mechanism cannot be distinguished 
from other forms of complete A-V heart block due to a lesion of the 
conduction system above the bifurcation of the common bundle. 
The difficulty in distinguishing the degree of conduction disturbance 


likiiM 















Flo. 4. — .Sinus rhythm with 1:1 conduction. P-R 0.21 second. Uncomnw” 
typo of intraventricular block. The record resembles the first rccoid vltli 1:1 
conduction (Fig. 1), 2-27-40. The streaks at the bottom of the record in Lead III 
at the time QRS is inscribed are artefacts. 

jiresent in involved bundle branches is shown by the experiments of 
Wilson and Herrmann,* who found that partial block in one of the 
bundle branches of the dog’s heart causing a delay in conduction 
of 0.04 second or more led to an electrocardiogram indistinguishable 

* The terms "complete" and "partial" bundle branch block arc used in the same 
sense ns in A-V conduction, indicating absent response, or intermittent, or delayw 
response to the impulse respectively. They do not, and cannot, refer to the cro'^j 
section of the damaged bundle branch sj-stem. The misleading term "incomplete 
bundle branch block is avoided. 
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from that seen after complete iiiterruption of the same bundle 
branch. When complete interruption of one bundle branch was 
followed by temporary damage to the other branch,® the configura- 
tion and duration of remained nnchanged from its appearance 
after complete interruption of the first bundle branch, and, in addi- 
tion, A-V block appeared. Scherf and Shooldioff,® by cutting one 
bundle branch and compressing the other between its upper and 
middle third, were able to produce various degrees of A-V block 
ranging from simple prolongation of the P-R interval to marked 
second degree or transient complete block. Thus, if complete block 
is present in one bundle branch system and partial block in the other, 
one might expect some evidence of impaired A-V conduction in 
addition to a prolonged QRS, since the P-R interval includes the 
time for the transmission of the impulse through the main bundle 
branches. A third possibility is partial block of both bundle 
branches. This will lead to a slight increase of the A-V conduction 
time or to a more marked degree characteristic of A-V block for 
the reason just mentioned. However, QRS will not necessarily be 
prolonged, providing the difference in delay in conduction ma the 
two bundle branch systems is below the critical value. Only if this 
difference measures more than the critical value, 0.04 second in the 
dog, can the electrocardiogram be expected to be that of " complete” 
bundle branch block. The electrocardiographic type of bundle 
branch block will be determined by the refractory phase of the two 
bundle branch systems. 

It is thus apparent that it may not be possible to determine 
whether a tracing with partial A-V block and a QRS of more than 
0.12 second duration indicates (a) bilateral partial bundle branch 
block, (6) complete blockage of the impulse in one bundle branch 
system plus partial block in the other, or (c) unilateral branch 
involvement (partial or complete) plus additional properly located 
involvement of the common bundle or the A-V node. 

The case here reported changed intermittently from the common 
to the uncommon type of intraventricular block, thus indicating 
the ability of either bundle branch system to transmit the impulse. 
Therefore, on the basis of the above discussion, the case would 
appear to fall into the category of bilateral partial bundle branch 
block. 

The path taken by the impulse is determined by the duration of 
the relative and absolute refractory phase of the conducting tissue. 
In the two regions of block (A and B) assumed to exist in our case, 
the one (A) having a longer period of absolute refractoriness than 
the other (B) is assumed to have a much shorter period of relative 
refractoriness. An impulse arriving late enough to be conducted 
through to the ventricles is therefore conducted through region A 
with less delay than through region B with the shorter absolute 
refractory period. In our case it would appear that when every 
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auricular impulse got through to the ventricles (1:1 A-V conduc- 
tion), the bundle branch system, presumably the right, which gives 
rise to the uncommon type of bundle branch block, was in a state 
of absolute refractoriness; and the impulse was conducted to the 
ventricles along the left bundle branch, \vhich was only relatively 
refractory. However, %vhen 2:1 or 3:1 A-V block was present as 
a result of additional block above the bifurcation of the common 
bundle, the impulse reached the bundle branch systems when they 
had both passed the state of absolute refractoriness but still were 
relatively refractory. Under such circumstances the bundle branch 
system, presumably the left, w'hich gives rise to the common tj'pe 
of bundle branch block showed the greater refractoriness and hence 
the greater delay in conduction. The impulse, therefore, was con- 
ducted to the ventricles along the right bundle branch system and 
the common type of bundle branch block appeared in the electro- 
cardiogram. 

This explanation accounts for the findings observed in our case 
and can be readily applied to other cases in the literature. This 
analysis illustrates again how simple knowledge of the physiologic 
properties of the heart can be applied to account for seemingly 
complex arrhythmias. This interpretation indicates that cases like 
this can be taken as clinical evidence supporting the anatomic 
observation of the frequent involvement of both bundle branch 
systems. 

Summary- A case is reported of sinus rhythm with intraventricu- 
lar block showing variations of the ventricular complexes between 
the common and uncommon tjqies. This change is associated with 
the occurrence of advanced partial A-V block. The alternations 
are explained by assuming partial block in the two main bundle 
branch systems w’ith a shorter relative refractory phase of the 
bundle branch which has the longer absolute refractory phase. 


Wc are indebted to Dr. L. N. Kati for sugecstions and advice in preparing this 
report. 
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THE PREDICTABILITY OF THE CHARACTER (INCREASED OR 
NORMAL) OF THE ERYTHROCYTE SEDIMENTATION 

RATE. 

A SURVEY OF 1000 Cases 
By John D. Helm, Jr., M.D. 

snNIOH RESIDENT IN MEDICINE, HOSPITAD OR THE UNIVERSITY OF PENNSYLVANIA, 
AND ASSISTANT INSTRUCTOR IN MEDICINE, UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA, PA. 

Although Galen knew nothing of the red blood cells or their 
sedimentation, he did recognize the “crusia phlogistica” as an 
evidence of disease. This same phenomenon of an increased buffy 
layer of clotted blood came to the fore again in the 18th century 
when it was called “the size.’’ It was used as an indication for 
further bleeding, a fact which by itself helps to explain the excesses 
of the phlebotomists of that day as due to the vicious circle estab- 
lished between anemia and more rapid sedimentation. By 1772, 
Hewson had discovered the main facts about red cell sedimentation 
and its increase in disease. With all this knowledge, however, over 
a century had to pass before, in 1918, Fahraeus’ discovered the 
increased sedimentation rate in pregnancy and put the matter on 
a quantitati-\'e scientific basis. Since then, some 2500 articles have 
been written on the sedimentation rate and it would seem that the 
last word should have been said. However, it appears that after 
the long years of neglect the method is now perhaps being used 
too routinely. The present study has been carried out to learn 
whether the routine use of the test in general medical practice is 
justifiable, or whether its use should be limited to certain situations 
in which perhaps it should be repeated more often. 

The literature of the past 25 years has stressed certain aspects 
of the use of this phenomenon in diagnosis, prognosis, and therapy. 
Cutler has stressed the point that the sedimentation rate is a non- 
specific phenomenon; indicates the presence of tissue destruction, 
and gives an index of the degree of systemic reaction to the disease 
present. He states that it has two chief values: 1, as a lead to the 
presence of tissue destruction, and 2, as a gauge of its severity. 

The use of the sedimentation test has been advocated in many 
and various pathologic conditions. Cutler,® in 1926, advocated 
its use to determine the activity of a tuberculous process; in 1932,^ 
reporting on observations on 5000 patients, he concluded that the 
sedimentation rate served its purpose as an indicator of the presence 
of organic disease. Schattenberg,i® also in 1932, suggested its use 
as a test in routine life insurance examinations. Gallagher,® in 
1934, advocated its use as a valuable aid in routine yearly health 
examinations of school children. J. B. Stokes®^ suggested that the 
sedimentation rate may replace the Schilling index as an indication 
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oi‘ patliologic activity. We.stergreti'-» advocated its use in tiic 
prognosis and therapy of diseases. Agnord in 1940, advocated its 
use as a routine diagnostic procedure and believed it to be of value 
equal to the Wassermann reaction, blood count, and urinalysis. 
Shillito, Chamberlin and Levy.i® in 1942, claim the sedimentation 
rate to be the most important aid in the diagnosis of coronary occlu- 
sion. 

Weil, Smith, King and Wootton," however, believe the usefulness 
of the sedimentation rate has been overrated in arthritis. Peterman'* 
regards one determination as of little value in diagnosis or prognosis, 
but serial determinations of great value in following the course of 
diseases. 

There has been much debate as to the necessity of correcting 
results in the presence of anemia. Rourke and Ernstene,'^ in 1930, 
finding an inverse relationship between the rate of settling and the 
volume percentage of tlie red blood cells, plotted the sedimentation 
curves of blood from the same individual after the cell volume % 
was adjusted to different levels. From these, they derived curves 
for correcting the sedimentation rate for the I’olume percentage of 
packed red blood cells. Bouton,- in 1938, stated that correction of 
the sedimentation rate for anemia is unnecessary, but that the 
unmodified curve is a valuable diagnostic aid when correlated witli 
other findings. Cutler, Park and Herr,'’ in 1935, found the rate of 
erythrocyte sedimentation to be directly dependent upon the size 
of the rouleaux formed, and that the rate of sedimentation was a 
property of the plasma rather than of the cells. They divided the 
sedimentation phenomenon into the phases of aggregation, settling, 
and packing; and pointed out that the second or settling phase is 
the important one. The anemia factor was prominent only in the 
terminal or packing phase. They found that blood 'which had a 
normal or slow settling rate showed only a slight increase in the 
rate of settling and formed only slightly larger rouleaux after the 
removal of portions of the cells. 

Of other general considerations, agreement is unanimous: 1, "that 
the glassware must be clean;” 2, the tube must be absolutely verti- 
cal ; 3, the test must be done within 3 hours after collection of the 
blood; 4, the temperature should be between 20 and 25° C.; 5, the 
tubes must be of a uniform and equal diameter, greater than 2.5 inm. 

The anticoagulant used by Cutler" is sodium citrate 0.1 cc. of 
3% solution per 0.9 cc. of blood. The dry mixture of 4 mg. of potas- 
sium o.xalate and 6 mg. ammonium o.xa]ate is advocated by Heller 
and Paul'® as being almost similar to heparin in its action. 

The components of plasma which govern the rate of erythrocyte 
sedimentation liave been investigated by many authors. Ham ana 
Curtis® found a direct correlation between the blood fibrinogen 
content and the rate of sedimentation. There is a slight relation 
between the lilood cholesterol and tlie sedimentation rate. 
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There are 3 techniques in use. 1, The Linzenmeier^® method, in 
which the time required for the erythrocytes to settle 18 mm. is 
determined. 2, The Westergren^^ method, in which the millimeters 
of sedimentation in 1 hour is determined. 3, The Cutler® method 
in which the level of the settling erythrocytes is read at 5-minute 
intervals for 1 hour and recorded graphically. 

The accuracy of the test in indicating the presence of tissue 
destruction has been reported to be very high. In Cutler’s^ series 
of 5000 cases, there was a discrepancy between the sedimentation 
rate and the clinical' status of the patient in only 5 cases. Yates 
and Davidow^® describe an accuracy of 91.4% in 6000 tests. Polak 
and Tollefson“ state: “The sedimentation test never lies.” 

In individual diseases, the sedimentation rate has been described 
as being increased in tuberculosis, rheumatic fever, pelvic inflam- 
matory disease, coronary infarction, active syphilis, gonorrheal 
and atrophic arthritis, malignancy, hyperthyroidism, and any 
process in which tissue destruction or chronic infection exists. 

It has been described as being questionably increased in chronic 
sinusitis, dental infection, and tonsillitis.^- 

It has been found to be increased in patients with long-standing 
diabetes,^ but not in older patients with no disease.^^ 

Method. Our series of records has been reviewed in an attempt to 
determine the predictability and usefulness of the sedimentation test as 
used on the medical service of the University Hospital. 

The records of 1000 consecutive patients, on whom a sedimentation 
rate was determined, Avere reviewed. In order to obtain this number, we 
reviewed the records of 3019 patients admitted during the period of August 
1, 1939 to April 1, 1942. Since many patients were admitted more than 
one time during the period surveyed and were counted but once in the 
series, the sedimentation rate is being performed in approximately 40% 
of our patients. 

The number of rates performed on each patient varied from 1 to 12. 
The sedimentation rate was determined by one of two techniques: 
1, 64.3% were obtained by the original Cutler® technique; 2, 35 . 7 % were 
determined by a modified Rourke-Emstene^^ technique using the oxalate 
mixture of Heller and Pauh® as an anti-coagulant, with a correction for 
the packed cell volume by use of a nomogram constructed by Dr. Richard 
Singer and Dr. Nelson K. Ordway^® from the curves of Rourke and Ernstene. 

_These patients were grouped according to age with extremes of 11 and 
85 years. Two hundred forty-three were between 11 and 30 years, 208 from 
31 to 40, 203 were from 41 to 50, 187 from 51 to 60, and 159 were over 61. 

The records of these patients Avere analyzed and a prediction of the 
character of the sedimentation rate Avas made from the history and physical 
examination. This prediction was whether the rate Avould be increased or 
normal. The sedimentation rate aa'rs then compared AA'ith the final diag- 
nosis and a decision made as to its help in therapj^ in each instance. 

From this survey Ave Avere able to predict the nature of the 
sedimentation rate in 943 cases (Table 1). Of this number, in 
173 cases (Table 2) the sedimentation rate AA’as not onlj’ predictable, 
but confirmatory in regard to the final diagnosis, and also acted as 
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a guide to therapy in the case. In 770 cases, it was both predictable 
and confirmatory, but had no effect on the treatment of the patient. 

Table 1, — Pbedictability or the Chabactbk or the Sedimektatio.v Rue 
(Increased or Nobsial) 



No. of 



cases 

% 

Sedimentation rate predictable . 

943 

94.3 

Sedimentation rate not predictable 

57 

5.7 

Total .... ... 

. 1000 

100.0 


Table 2. — Usefdlness or the Sbdisientation Rate 


Predictable 

Confirmatory 

Guide to therapy 

No. of cases 

-t- 

+ 

+ 

173 

+ 

-f- 

0 

770 

0 

0 

0 

57 


Total 1000 

In 173 cases, the rate was predictable, confirmatorj' and a guide to therapy. In 
770, it was predictable, confirmatory, but had no influence on therapy. In 57, it 
was unpredictable and ol unknown significance. 

Table 3. — Sedimentation Rate Not Predictable 

No. of cases 

Cause for discrepancy found on re-analysis . . 41 

No cause for discrepancy found . ID 

Total . . . . . 57 

In 57 cases (Table 3), the sedimentation rate was not predictable 
and had an unknown significance. The records of this group were 
reviewed meticulously and in 39 of them some factor, such as 
chronic alveolar abscess, chronic purulent sinusitis, chronic cervicitis, 
or syphilis, was discovered and explained the discrepancy. In 2 
additional cases of coronary occlusion normal sedimentation rates 
were reported, but they had not been determined until the 4tli 
week of the disease. 

In the remaining 16 cases (1.6%) no e.xplanation could be found 
for the discrepancy between the sedimentation rate and the clinical 
diagnosis or evaluation of the patient. This ewresponds with the 
range of accuracy in series reported previously. 

An example is given of a patient in whom an unexplained rapid 
sedimentation rate was reported. 

Case L A ^o-s'ear-old white female, was seen in our medical clinic 
and referred to the ward. She complained of pain in her lumbo-sacral 
region for 10 years. This pain became worse during damp weather. R 
was aggravated by exercise, especially' on loaning fonvard. It wa'; rciiciw 
by rest. The remainder of the sj'.stcmic reriew of sy'mptom^ wac negafi'c. 

Ph.vsical examination revealed slightly' enlarged and apiiarently non- 
infccted tonril.s, scolioris of her dorsal spine, and bilateral Hallux valgU'- 
ller body temperature was normal. 

I^aboratoiy studies .showed 4,300,000 red Idood cells, 84 91 (Sahli) iieino- 
globin with 7C.50 white cells and a normal differential. Blood urea nitrogen 
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was 9 mg. per 100 cc.; blood sugar was 87 mg. per 100 cc. Urinalysis was 
negative. Blood Wassennann reaction was negative. 

Roentgen ray films of her spine were normal except for slight scoliosis. 
Her chest was clear. 

Sedimentation was 85 mm. per hour (corrected for anemia with a hemato- 
crit of 43% packed cell volume). 

Our statistics were then reevaluated and those cases of psycho- 
neurosis, hypochondriasis, and the anxiety state where a normal 
sedimentation rate was of assistance in ruling out a morbid process 
were included in the group in which the sedimentation rate was 
of help to us. There were 64 such cases. This gives us a final 
figure of 237 cases in which the sedimentation rate was of assistance 
in the diagnosis and management of the case and 763 in which it 
was of no value (Table 4). 

Table 4. — Evaluation of Assistance Given by the Sedimentation Rate in 
Diagnosis ob Management of Case 
E valuation No. of cases 

Helped 237 

No help 763 

We have confirmed the reports already in the literature and 
agree that the test is of value in determining the presence and 
extent of tissue destruction, the systemic reaction to a disease 
process, and as a lead for the need of further investigation in an 
otherwise healthy individual. We believe serial tests in patients 
with chronic types of disease to be of benefit in following the course 
of the process. Single tests are of value only in patients whose 
history and physical examination disclose no definite disease process 
and the test is, therefore, used as a lead to further investigation. 

Summary. 1. In the records of 1000 patients on whom the 
sedimentation rate was determined, it was predictable in 943 
cases. In 173, it was not only predictable, but confirmator}'^ in 
regard to the final diagnosis, and of help in the treatment of the 
case. In 770, it was both predictable and confirmatory in regard 
to the final diagnosis, but of no help in therapy. The rate was not 
predictable in 57 cases, but on re-analysis of these records, an 
explanation of the unexpected rate was discovered in 41. 

2. In 16 (1.6%), no explanation was found. 

3. Including those cases in which a normal rate was of assistance 
in diagnosis, the sedimentation rate helped in our management of 
the case in 237 and was of no help in 763. 

Conclusions. We believe serial determinations of the sedimenta- 
tion rate to be of value in folloAving the course of such diseases as 
rheumatic infection, tuberculosis, coronary occlusion and arthritis. 

We believe single tests to be of little or no value, except in patients 
who, in the absence of evidences of organic lesions, are suspected 
of having only a functional disease. In these patients, an increased 
sedimentation rate suggests the presence of a morbid process and 
makes further investigation mandatory. 
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The brilliant therapeutic results which have been obtaincil with 
sulfauilainitle and its derivatives in the treatment of varioii.s infec- 
tions have led to a constantly increasing clinical use of this group 
of drugs. Since their introduction there have been numeroii' 
reports of various toxic effects. Destructive action upon the h\om 
and blood forming organs has been noted in .some casc.s, witii 
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production of hemolytic anemia, granuloeytopenia and leukemoid 
reaction, but thus far only 4 reports of thrombocytopenic purpura 
have appeared in the literature. 

Perrin Long^ and his associates have reviewed the toxic mani- 
festation of the sulfonamides in a group of 1588 patients. Of these, 
1000 received sulfanilamide, 297 sulfapyridine, and 291 sulfathiazole. 
Regarding the occurrence of hemorrhagic phenomena these authors 
state that “purpura hemorrhagica has not been seen in any of 
our cases, but it has been reported as occurring in the course of 
therapy with sulfanilamide and sulfapyridine.” 

Finland,® who has had a very wide experience with the sul- 
fonamide group of drugs at the Boston City Hospital, reports that 
he has seen no instances of thrombocytopenic purpura following 
their use. 

Markel and Rike® described the first case of secondary purpura 
hemorrhagica following the administration of sulfanilamide. 

Case A. A 69-year-old man had a resection of the bowel for lympho- 
sarcoma of the terminal ileum with partial obstruction. Ten days after 
operation, because of cystitis, sulfanilamide therapy was begun. Thirty 
grains were given on the first, and 15 gr. on the second day, when oozing 
of blood from the operative wound was noted. A total of 7 gm. was given 
in 4 days, when it was stopped. Bleeding from the wound continued, bloody 
expectoration occurred, and blood was found in the urine. A 500 cc. 
transfusion of citrated blood was given. At this time the bleeding time was 
prolonged, the coagulation time was within normal limits, and the clot 
failed to retract after 12 hours. The platelet count was 180,000. A second 
transfusion was given, but the patient died on the following day, one week 
after the beginning of sulfanilamide therapy. The autopsy showed hemor- 
rhage into the tissues surrounding the entero-enterostomy, in the abdominal 
incision, and into the right renal pelvis. The bone marrow presented a 
normal picture. 

Russell and Page^® reported two examples of thrombocytopenic 
purpura due to sulfapyridine. 

Case B. A 41-year-old negro with pulmonary tuberculosis developed 
pneumonia of the left lower lobe. During the first 10 days in the hospital 
he received 4.5 gm. daily, a total dose of 45 gm. Ten days after admission 
he developed hemoptysis and recurrent epistaxis. The drug was discon- 
tinued. On the 11th day he showed a generalized purpura involving the 
entire bodj'^ and the epistaxis and hemoptysis became continuous. Oozing 
of blood from the gums also appeared, as did profuse bleeding from the 
mucous membranes of the mouth. The platelet count was 34,000. The 
bleeding, coagulation, and clot retraction times were not determined. 
The_ diagnosis of _ thrombocj'topenic purpura was made. The patient 
received 4 transfusions, a total of 1750 cc. of blood. Although he continued 
to have purpuric manifestations for 5 days after the first transfusion 
eventual recover^’- occurred. 

Case C. A 60-j’^ear-old Italian male, had a pneumonia of the left lower 
lobe of 3 days’ duration. He was given IS gm. of sulfapyridine within the 
next 4 daj's. The drug was discontinued on the 4th day because of hema- 
turia. This was followed by a rise in temperature. During the next 3 da 3 ".‘= 
he received an additional 5 gm. of sulfapj'ridine. The patient then devel- 
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oped epistaxis which lasted 6 hours. The following day he showed purpuric 
manifestations in the skin, face, and extremities. The bleeding from the 
nose continued. On the ne.\'t day he developed bleeding from the gums and 
mucous membranes of the mouth. Large ecchymotic areas appeared on 
the skin, in the throat, and on the extremities. The patient began to pass 
large tarry stools. He received 3 transfusions totaling 1700 cc. of blood 
mth little effect upon the bleeding. No platelets were seen in the smear, 
although they were apparently normal on admission. The bleeding time 
was 184 minutes; the coagulation time Avas 9 minutes. No test for dot 
retraction was recorded. Bone marrorv biopsy did not show any significant 
changes. There was a moderate increase in the megakaryocjdes and a 
definite increase in the nucleated red blood cells. The latter was believed 
to be due to the response of the bone marrow to blood loss. The patient 
died 14 days after admission. Permission for an autopsy could not be 
obtained. 

Case D was reported by Goldbloom, Greenwald, and Reinstein.^ The 
patient was a 50-year-old Avoman who was admitted to the hospital with a 
clinical diagnosis of pneumonia. Physical examination revealed marked 
dullness, increased tactile and vocal fremitus, and fine crepitant rales over 
the right, middle, and lower lobes. The clinical diagnosis was substantiated 
by Roentgen ray. Sixty grains (4 gm.) of sulfapyridine had been ad- 
ministered daily for 5 days before admission. After admission 90 gr. 
(6 gm.) were administered daily for 2 days and her temperature declined 
from 103“ F. on admission to 98° F. on the 3d day, at which time bright rd 
blood was expectorated. Hemorrhagic papillomatous masses appeared in 
the buccal mucosa; there Avere elevated red papillm at the borders of the 
tongue, hemorrhage into the gingiAml tissue of the loAver jaAV, and moderate 
vaginal bleeding. That night a generalized rash appeared, and there Avas a 
hemorrhage into the left sclera. Sulfapjwidine Avas discontinued after 32 gm. 
had been given in 8 days. A blood transfusion was given A\'ith 500 cc. of 
saline solution and coagmine (thromboplastin). The foUoAA'ing day the 
patient shoAA'ed marked pallor, and purpura appeared in scattered patches 
over the trunk and extremities, accompanied by a large ecchjTnotio area 
OA'er the left thigh. The patient eA'entually recovered. 

Rosenfeld and Feldman” have recently reported a case due to 
sulfathiazole. 

Case E, 37-year-old male, entered the hospital Avith unilateral ureteral 
calculus, ureteral obstruction, and pyelonephritis. The temperature on 
admission Avas 104.4° F. Sulfathiazole Avas administered, 1 gm. on the day 
of admission, and 4 gm. the next day. The temperature fell to 100.5 i*- 
The folloAAdng day, after another 0.5 gm. had been administered, a hcnior- 
rhagic state became manifest and the patient's temperature rose to 103 !'• 
There Avas profuse bleeding from the nose and gums, and hem.ntuna 
appeared. Numerous hemorrhagic resides deA'eJoped on the tongue, hp? 
and buccal mucosa, and there AA-ere many petechia; on the skin, iim 
patient sboAA-ed extremely marked pallor. Platelets AA-ere phsent from 
■smears of the peripheral blood, and the tourniquet test Avas positiA-e. 
tliiazole Avas discontinued at the first appearance of bleeding, and after 
the lapse of 3 days the hemorrhagic phenomena began to subside so that 
at the end of 2 more days, the vesicles and petechia; had disappeareri from 
the skin and mncoiis membranes, and the pulse and temperature Avere 
normal. Platelet.® reappeared in the peripheral blood, and tiie toumiqum 
test Avas noAA- negative. Ten days later, folloAA-ing the removal of ttic 
kidney .stone, this patient A\-as given 15 gm. of sulfathiazole in 5 day.® a® a 
propliylactic measure Avithout remirroncc of any hemorrhagic phenomena. 
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In addition to the 5 published cases which have been summarized, 
we wish to report 3 more examples. The first is of special interest 
because the secondarj^ type of thrombocytopenic purpura which 
followed the administration of neoprontosil and sulfanilamide was 
at first confused with primary purpura hemorrhagica. The third 
case is the first instance, as far as we know, in which sulfadiazine, 
the least toxic of the sulfonamides, was responsible for purpura 
and death. A comparison of the essential features of 8 published 
cases, including the 3 hereafter to be described, is given in Table 1. 

Case 1. (Albany Hospital, No. 63,654.) A 23-year-old white, married, 
garage worker, bom in the United States, of Lithuanian parents, on May 24, 
1941, developed a sore throat, laryngitis and cor 3 fza for which he was 
treated by his local physician. His temperature reached 104 °F. The 
patient received one 0.5 gm. tablet of neoprontosil every 4 hours for 8 doses 
(total 4 gm.) but on the following day was nauseated and vomited so that 
his physician stopped the drug and prescribed sulfanilamide. He ^yas 
given one 0.5 gm. tablet every 4 hours for 6 doses (total 3 gm.). Medication 
was then discontinued because of the appearance of nosebleed and oozing 
from the gums. On June 2 the blood count showed red cells 5,510,000, 
hemoglobin 115%, white blood cells 7900 (75 neutrophils), platelets 90,000. 

On June 3, 1941, he was admitted to his local hospital. Physical examina- 
tion revealed numerous ecchymotic areas in the mucous membranes of the 
mouth, especially about the lower lip. There were also many petechia; 
scattered over the flexor surfaces of the forearms in the region of the elbows 
and over the back. One large ecchymosis approximately 3 inches in 
diameter was present on the outer aspect of the upper right arm, and a few 
smalt ecchymoses around the anus. A repetition of the blood count showed 
the same findings as on June 2. The clotting time was 2,5 minutes, bleeding 
time 8 minutes, platelet count 77,000, and clot retraction very slight after 
18 hours. A test for sulfanilamide in the blood wms negative. The stool 
showed a 4-f- positive reaction for blood. On June 6, the platelet count 
was 105,000; bleeding time 7 minutra, 45 seconds; and clot retraction ven' 
slight after 22 hours. On June 9, the platelet count was 106,000; on June 12, 
134,000. A tentative diagnosis of essential thrombocjdopenic purpura was 
made and the question of splenectomy considered. The patient was dw- 
charged from the hospital June 10 and for the next w'eek remained at home 
where the bleeding from the gums continued and fresh petechia: appeared. 

On June 17, 1941, he was admitted to the Albany Hospital. A rewew 
of the past history showed no operations and no accidents. In 1918, he 
had influenza. In 1939, he had an attack of tonsillitis followed by an 
crj’thematous rash at which time the question of scarlet fever was raided, 
lie was given no specific medication for tin's infection. He had never 
before received any of the sulfonamide group of drugs to his knowledge. 
A review of s 3 ’stems was negative. Venereal disease wa.s denied. The 
family historj- wa.s negative. _ .in 

Ph 3 '.sical examination revealed a powerfull}' built, well nouridied, white 
male, Ijdng quietlj' in bed, who did not appear acuteh' ill. The temperature 
was 97.5° F., pulse 65, and respirations 18. He ocea^ionalb’' spat out small 
quantities of bloodj- saliva. Petechial hemorrhages were widespread over 
his forehead, cj-elids, in the conjunctiva:, over the forearms, in the left 
subclavicular region, and over the back and legs. Ecebjanoses, 3 inches m 
diameter were present over the biceps muscle of the right ann and over 
the right patella. The pupils were equal and reacted to light. The car- 
and nose were negative. Tlic lips and oral mucous membranes were of goofi 
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color. Blood was oozing from the gums. The pharynx was negative. 
The thyroid was not enlarged. There Avas no general glandular enlarge- 
ment. The chest was well formed; the lungs were clear; the heart Avas 
normal. The blood pressure Avas 115 systolic and 75 diastolic. The spleen 
and liver Avere not palpable and the abdomen was entirely negative. The 
genitalia Avere normal. The extremities Avere normal. The knee- and ankle- 
jerks Avere present. The tourniquet test for capillary resistance Avas positive. 

Laboratory Data (June 18). Urine, negative; blood non-protein nitro- 
gen, 36 mg. 100 cc.; red blood count, 4,600,000; hemoglobin, 14 gm_. (85 %— 
Hayden-Hauser) ; color index, 0.9; AA'-hite blood cells, 8100; differential count: 
segmented neutrophils 41%, band forms 22%, metamyelocytes 1%, 
myelocytes 1%, eosinophils 3%, monocytes 8%, lymphocytes 24%; platelets 
Avere rare in the blood smear; platelet count 36,000 by the indirect method; 
bleeding time over 9 minutes; clotting time (venous blood) 9 minutes, 30 
seconds; clot retraction incomplete after 36 hours; reticulocyte count 3%; 
blood type, Landsteiner 0; stool tarry, with positive guaiac test. 

On June 20 the patient was given a 500 cc. transfusion of citrated blood. 
The temperature rose to 100 °F., but there Avas no other reaction. 

Sternal puncture (June 21). Smears from the aspirated fluid (Wright’s 
stain) shoAved an actively functioning marroAV with a normal differential 
count. Platelets Avere present but feAV. There Avas no evidence of leukemia 
or aplastic anemia. The findings Avere consistent Avith a diagnosis of 
thrombocytopenic purpura. 

On June 22, 2 days after the transfusion, the bleeding time Avas 5 minutes; 
clotting time (venous blood) 7 minutes, 15 seconds; and clot retraction 
complete after 12 hours. The prothrombin time, on the folloAving day Avas: 
patient 38 seconds, control 32 seconds, 88% of normal. 

By June 24 the platelet count had risen to 415,000 (indirect method), 
and the other blood findings had also returned to normal. During the 
succeeding 2 days there Avas no further bleeding from the gums, no neAV 
petechias fonned, and the older hemorrhages began to fade and disappear. 
The test for capillary resistance Avas negative. The patient Avas discharged 
from the hospital June 26, 1941. 

Subsequently he had no further hemorrhagic manifestations, and on 
August 12, 1941, a complete foUoAv-up examination of the patient was en- 
tirely normal. 

Case 2.* A 62-year-old Avhite male, Avas treated for pneumonia with 
sulfapyridine. His illness began March 1, 1940, as an acute respiratory 
infection. On March 3 his temperature AA^as 103 °F., respirations 30 per 
minute, and pulse 110. There Avere numerous rales in the loAver left lobe, 
and the jjatient coughed almost continuously but could raise no sputum. 
He Avas given 3 gm. of sulfapyridine, repeated after 4 hours, and thereafter 
1 gm. every 4 hours. The temperature came doAvn to normal Avithin 24 
hours, and at the end of the 3d day of treatment, Avhen the patient had 
received 18 gm. of the drug, medication Avas discontinued. There Avas 
little nausea and no vomiting from the medication. The temperature 
remained normal for 3 days until March 8, AAdien it jumped to 101 ° F. Sul- 
fapyridine AA'as started again, 1 gm. eA'ery 4 hours. The temperature again 
dropped to normal in 24 hours, but the drug Avas continued. On March 9, 
crj'stals of sulfapyridine appeared in the urine. On March 12 the patient 
passed bloodj’- urine and the drug AA'as discontinued. A total of 18 gm. 
OA*er a period of 3 da3'-s had been ghmn, and then after an interAml of 3 days, 
30 gm. Avere administered in 5 days. On the folloAAung day, the patient’s 
color was good, he did not appear ill, nor did .-■'■•r' ’---'. ■ f y pain. 
Examination of the lungs reA^ealed a patch of ■■■ .'■i: ■■ "in the 

* tVe are indebted to Dr. S. L. Cash and to Dr. Russell L. Cecil of New York 
for permission to report this case. 
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left lower lobe. There was no tenderness over the kidneys and no pain 
in the back. The patient received 1000 cc. of saline solution intravenous)}-, 
and fluids were forced by mouth. On March 14 he began to bleed from the 
nose, mouth and lower bowel and large pur])uric spots appeared all over tlie 
body. 

Laboratory Data (March 15). Red blood cells, 3,270,000; hemoglobin, 
49% (IQet^Newcomber 8.3 _gm.); white blood cells, 11,800; blood plate- 
lets—practically none seen in stained smear; bleeding time, 3 minutes 
(Duke’s method); coagulation time, 4.5 minutes (capillaiy blood); blood 
non-protein nitrogen, 79.3 mg. per 100 cc. A diagnosis of purpura hemor- 
rhagica was made, and while preparations were being made for a blood 
transfusion the patient suddenly became very much worse and died, 
March 16. Postmortem examination of the embalmed body showed 
multiple purpuric hemorrhages on the chest, back, extremities and on the 
surface of the intestines and kidneys. The latter organs were slightly 
enlarged and on sectioning showed extensive submucosal and interstitial 
hemorrhage in the papillre, calices, and pelves. The hemorrhages extended 
into the ureter, and extravasated blood was found in the lumen of the 
pelves and ureters. Microscopic examination confirmed the gross findings. 
Acetyl-sulfapyridine crystals -were not found; the other organs were not 
examined. 

Case 3.* A 60-year-old woman (N. Y. Hosp., No. 300468) was first 
treated by Russell traction for a fracture of the left hip. Failure to obtain 
satisfactory reduction led to fixation of the fragments with Moore pins 
7 days after her admission to the hospital. She was a known diabetic, but 
her diabetes was readily controlled. Four days after the insertion of the 
Moore pins, and the 3d day after the patient had been allow-ed up in a chair, 
her temperature rose to 39.2° C,, and there was induration pf the wound. 
The wound was opened and a serous material evacuated which on culture 
revealed non-hemolytic Staphylococcus aureus. Sulfadiazine therapy was 
instituted. She received 6 gm. the first day, 3 gm. the second, and 4 gm. 
daily for the next 4 days. Over a period of 6 days she received 25 gm. of 
sulfadiazine, during which time daily blood counts revealed no depression 
of the white blood cells, but no platelet counts were done. On the 6th day 
the patient developed severe epistaxis, followed by bleeding from the gums 
and urinarj' tract. The blood level of the drug was at this time 3.6 mg. 

Laboratory Data. Red blood cells, 3,100,000; white blood cells, 15,000; 
differential count— segmented neutrophils 34, band forms 49, monocg'tes 3, 
lymphocytes 14. No platelets were seen in the smears. Clotting time was 
3 minutes, bleeding time 20 minutes. 

Diagnosis. Thromboc}-topenic purpura. Sulfadiazine was discontinued, 
and the patient given multiple small transfusions and supportive therapy. 
In spite of this she continued to bleed from the na.^al mucous membrane^ 
urinary- tract, gastro-intestinal tract, and vagina. The patient died 8 day.^ 
after the institution of sulfadiazine therapy, 2 days after tlie appearance o! 
purpuric manifestations, haring received 25 gm. of the dnig in 6 days. 

Postmortem Examination. Purpura hemorrhagica (medicamentosa, sul- 
fadiazine) with hemorrhage into the wound, joints, serous surfaces, Iung=. 
stomach, renal pelves, bladder, dura, brain and wall of the third ventnclc. 

Comment. A total of 8 cases of secondary thrombocytopenic 
purpura (including the 3 lierein described) following the use of 
sulfonamide drugs have now been reported. There were 4 dcatlis. 

* Wp are indebted to Dr. Norman S. Plummer of New York for the priyiioKC 
including this case in our series. The patient was studied on the Piirgiea! an' 
Chemothempy .<?cn-iccs of the New York no<>pif.a1. 
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Fatal purpura lias been caused by: sulfanilamide, sulfapyridine, and 
sulfadiazine. The one reported case of purpura following the use of 
sulfathiazole recovered. Purpura hemorrhagica must now be 
generally recognized as a possible serious, although infrequent, 
complication of sulfonamide therapy. The drug should be stopped 
at once when it appears. The number of blood platelets should be 
noted when the blood is being checked for possible granulocytopenia 
during sulfonamide therapy. 

A study of the 4 fatal cases thus far reported shows that in at 
least 2 instances and possibly 3 the drug was continued for 24 to 
48 hours after petechial hemorrhages or bleeding had occurred. 
In the 4 patients who recovered, the drug was stopped on the 
first appearance of hemorrhagic manifestations. This point is of 
great practical importance. Since thrombocytopenia precedes the 
appearance of purpura it is obvious that the detection of a reduction 
of blood platelets in the blood smear would be of even greater value 
as a danger signal than the finding of a few petechias or slight 
hemorrhage. The sooner the drug is stopped in one of these sul- 
fonamide sensitive patients, the better appears to be his chance for 
recovery. 

The bone marrow shows no significant change in these cases. 
Needless to say, this secondary drug purpura must be distinguished 
from primary thrombocytopenic purpura. The amount of drug 
necessary to produce purpura, is, as can be seen in Table 1, ex- 
tremely variable. Death occurred with as little as 7 gm. It is 
interesting to note that in the case reported by Rosenfeld and 
Feldman purpura appeared after the administration of 5.5 gm. of 
sulfathiazole, but after recovery had taken place 15 more grams 
of the drug were given to the same patient without any untoward 
effect. 

At the present time, no definite statement can be made to explain 
the blood dyscrasias which occur in certain individuals as a result 
of the administration of the sulfonamides. The similarity in 
chemical structure however, between this group of drugs, and such 
known hematotoxic agents as benzol and aniline, makes the simi- 
larity in the clinical manifestations of their toxic reactions all the 
more striking. When it is realized that the organism handles 
these 2 types of substances in a fundamentally similar manner; 
that they are closely related to one another from a chemical point 
of view; and that they are capable of producing identical pathologic 
lesions insofar as the hematopoietie system is concerned, then it is 
reasonable to assume that the production of blood dyscrasias by 
the 2 types of substances involves the same fundamental mecha- 
nism (Fig. 1). 

The structural relationship between benzol, aniline, and the 
.sulfonamides calls for no comment. It is clearly brought out by 
inspection of the structural formulae. In the case of sulfapyridine, 

VOL. 205 , NO. 2 — KEnuuABY, 1943 9 
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sulfathiazole and sulfadiazine, the “R” in the formula represents a 
heterocyclic ring (Fig. 1). 

In the body, aniline is converted to phenylhydroxyl amine and 
then to p-amino phenol. This oxidation compound is excreted in 
combination with sulfate as an ethereal sulfate. A definite increase 
in ethereal sulfate output is characteristic of benzol and aniline 
poisonings, and one of the first clinical manifestations of intoxi- 
cation with such substances is the lowering of the ratio of e.\'creted 
inorganic sulfur to total sulfur in the urine. 



Both Fuller® and Marshall,® in describing the metabolism of the 
sulfonamides, have pointed out that these compounds are either 
acetylated or e.\'creted unchanged. This is undoubtedly true for the 
major portion of these substances, and in some individuals, may 
account for all of the drug administered. However, it may be 
shown in experimental animals that the administration of a single 
dose of sulfapyTidine is followed by a marked increase in the quantity 
of ethereal sulfate excreted. This is associated with a concomitant 
lowering of the ratio of inorganic sulfur to total sulfur. Figure 
shows the results of such an e,\'periment. A dog, maintained on 
a normal fixed diet, was allowed to come to equilibrium insofar as 
sulfur metabolism was concerned. After this had been established 
a single dose of sulfapyridine (1000 rag., deg., per orem) was ad- 
ministered and sulfur metabolism followed. The ma.ximal increase 
in ethereal sulfate output occurred on the day following the ad- 
ministration of the drug, and the concentration rapidly returned 
toward its initial basal level (Fig. 2). ^ 

This increase in ethereal sulfate excretion may be the result Oi 
either of two mechanisms: *4, a derangement of the endogenous 
protein metaboli.sm with the resulting increa.sed formation of such 
catabolites as indol, etc,, which are c.\'cretcd as ethereal sulfate?, 
or, B, the oxidation of a portion of the sulfapyridine which had 
been administered and the c-onjugation of this oxidized compound 
with sulfate to form an ethereal sulfate. 
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Of these two possibilities, the second is the more probable, since 
there is indirect evidence that the administration of large doses 
of sulfonamides do not produce any demonstrable change in liver 
function^ Furthermore, there is the direct evidence of James® 
who has been able to isolate a series of oxidation products of sul- 
fanilamide, which are analogous to the known oxidation products 
of aniline, from the urines of patients receiving therapeutic doses 
of the drug. He suggested that some of the toxic effects noticed by 
clinicians might be due to these oxidation products and pointed out 
that both the p-aminophenol and the hydroxylamine compounds, 
in their unconjugated form, are capable of producing degenerative 
blood changes. 

INORGANIC SO.S TOTAL SO,S RATIO 
4 4 


loop 



'2 3 4 5 6 7 DAYS 

Fig. 2. — The effect of sulfapyridine on sulfur metabolism. 


In^ addition to possessing a potential toxic action on the hema- 
topoietic mechanism, all of these compounds (benzol, aniline and the 
sulfonamides) have a direct effect on the cells of the peripheral 
circulation. Neither benzol nor aniline are hemolytic substances; 
7. c., saturated solutions of these substances in isotonic saline will not 
produce hemolysis of washed red cells. However, they will accel- 
erate the rate at which hemolysis occurs in the presence of a known 
lysin. If one establishes the time required for the production of 
complete hemolysis of a suspension of cells by a known concen- 
tration of lysin, and then alters the system by the addition of small 
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quantities of benzol or aniline, it will be observed that the' time 
required for conaplete hemolysis by the same quantity of lysin is 
materially diminished. This acceleration of the lytic action is also 
a property of the sulfonamides and may be demonstrated in tiro 
as well as in vitro. The property of accelerating the hemolytic 
process may account for the hemolytic anemias encountered as a 
result of the administration of the sulfonamides. Rimington” 
was able to show a marked increase in the hematoporphyrin ex- 
cretion of rats receiving sulfapjTidine. We have administered 
sulfathiazole to dogs and have noted this same increase in pigment 
excretion in the urine. The peripheral blood has shown a normal 
picture. Erf and hfacLeod- reported increased urobilinogen out- 
puts in patients receiving sulfapyrnidine and manifesting the clinical 
picture of hemolytic anemia. 

The multiplicity of the clinical manifestations of blood dj'serasias 
resulting from the administration of the sulfonamides is duplicated 
by benzol and aniline intoxication. The effect may be on the cells 
of the peripheral circulation or on any or all of the series of blood 
cells produced in the bone marrow. Thus following the administra- 
tion of sulfonamides, as well as in benzol or aniline intoxication, 
there may occur granuloc}i;openia, hemolytic anemia, leukemoid 
reaction, thrombocytopenic purpura and possibly aplastic anemia. 
To our knowledge no instance of aplastic anemia following sul- 
fonamide therapy has been reported, although we believe that such 
cases may occur and be recognized in the future. 

Summary and Conclusions. 1. Three new cases of thrombocy- 
topenic purpura following the use of sulfonamide drugs are reported 
and 5 previously published cases are reviewed. Table 1 contains a 
summary of these 8 cases. 

2. In our series of .3 cases, one followed the administration of 
neoprontosil and sulfanilamide to the same patient. Recovery 
occurred. The other two examples followed the administration 
of sulfapjTidine and sulfadiazine respectivelju Both of these 
patients died. 

3. All of the well-known sulfonamide compounds thus far gen- 
crallj' used have produced purpura in susceptible individuals. 
Sulfanilamide, sulfapjTidine, and sulfadiazine, have caused death. 
The one patient who is reported to have had purpura following 
sulfathiazole recovered. 

4. The total amount of drug administered in the cases reported 
has varied from as little as 5.5 gm. in 3 days to 48 gm. over a period 
of 11 daj's. This wide variation in the amount necessarj' to prodme 
a toxic cfiect indicates a great difference in individual su.sccptihilitj • 
In one ])atient who recovered, the same drug was given a phort 
time subsequcntlj', with no untoward effect. 

5. Purpura should be generally recognized as a possible thnugii 
infrt'quent complication of sulfonamide drug therapy. The mortaiitj 
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has thus far been very high— 50% in the 8 cases reported, so that the 
seriousness of this complication should be emphasized. 

6. The study shows that the sooner sulfonamides are stopped after 
the appearance of purpura the better the prognosis for recovery of 
the patient. 

7. When examining blood smears from patients receiving sul- 
fonamide therapy, for possible granulocytopenia, a note as to the 
number of platelets present should always be made. Thrombo- 
cytopenia precedes the signs of purpura, and early observation of 
platelet reduction may prove life saving. 

8. The striking similarity between the clinical signs of the 
hematotoxic action of benzol and aniline on the one hand, and of the 
sulfonamides on the other, has been emphasized. When it is realized 
that the organism reacts in a fundamentally similar manner after 
the ingestion of these two types of substances, that their chemical 
structure is closely related, and that they are capable of producing 
identical pathologic lesions in the bone marrow, and in the peri- 
pheral blood, then it is reasonable to assume that the production 
of various blood dyscrasias by the two types of substances involves 
the same fundamental mechanism. 
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THE EFFECT OF STORAGE AT VARIOUS TEMPERATURES ON 
THE PROTHROMBIN CLOTTING TIME OF HUMAN PLASMA 

By Robert C. Page, M.D. 

AND 

Edwin J. de Beer, Ph.D. 

NEW YORK, N. Y. 

(!' rom the Chemical Laboratory of the Department of Surgery, College of Physicians 
and Surgeons, Columbia University and Presbyterian Hospital, and The Burroughs 
Wellcome & Co. [U.S.A.] Experimental Research Laboratories, Tuckahoo, N. Y.) 

We have been impressed by the change in prothrombin clotting 
time of human plasma when it is allowed to stand at room tem- 
perature. Obviously this is of considerable clinical importance in 
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interpreting a prothrombin clotting time. In an earlier publication^ 
we stated that if plasma is allowed to stand at room temperature 
the prothrombin clotting time is usually increased and consequently 
we performed the test as soon as possible after obtaining the blood. 
Witts and Hobson® have reported that o.xalated plasma is not 
stable for much longer than an hour at room temperature, however, 
if put into a refrigerator as soon as possible after venipuncture the 
plasma will keep its clotting time unchanged for at least 24 hours. 
Because of the above observations we were prompted to carry out 
the following study on the effect of different temperatures on the 
prothrombin clotting time of human plasma. 

Method. Samples of venous blood from normal individuals, and from 
obese and diabetic patients attending an out-patient clinic, were centrifuged 
and the plasma was dhdded into 3 portions. One was stored in an incubator 
at 38° C., another at room temperature (about 23° C.), and the third 
in the refrigerator at approximately 5° C. 

Ten mg. of potassium oxalate were mixed with 4.5 cc. of blood in a 
centrifuge tube. The blood was centrifuged at 1500 r.p.m. for 5 minutes, 
and the oxalated plasma was pipetted off. The test was performed as 
follows: 0.2 cc. of oxalated plasma was pipetted into a small test-tube 
(75 X 10 mm.) and 0.2 cc. of Russell rdper venom,* 1 : 10,000 solution, was 
added. Calcium chloride solution (1.11 gm. anhydrous calcium chloride 
per 100 cc.), 0.2 cc., was then added, and the stopwatch immediately 
started. The tube was agitated for 10 to 15 seconds and tilted until separate 
discrete fibrin particles could be seen. This was taken as the end-point. 
The prothrombin clotting time in normal individuals using Russell wper 
venom has been found to be 20,76*2.32 sec.’ and 19,5*2.9 sec.® 


Results. It was not always possible to make determinations 
exactly at 1, 2, 3 and 4 hours after the blood sample was obtained, 
therefore the prothrombin clotting times were plotted against the 
times at which the determinations were made for each of the blood 
samples inx'oh'ed. I’iTien necessary, therefore, the required pro- 
thrombin clotting times for a given hour were read from the graph. 
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Graphic examination of the data of Table 1 indicated that for 
each temperature level, the prothrombin clotting time varied 
directly with the duration of storage. The rate of increase was 
greatest when the plasma was stored at 38° C. and least when the 
plasma was kept in the refrigerator. These points were investigated 
further by applying standard statistical procedures such as described 
in Snedecor’s text.^ 



Fig. 1. — Graph showing increases in prothrombin clotting time as affected by tem- 
perature and duration of storage of plasma. 

Statistical Analysis. At a given temperature the prothrombin 
clotting time apparently increases as a straight line function of the 
log of the storage time. This was tested for by performing an 
analysis of variance and calculating the variance ratio F in order 
to determine if the departures of the data from linearity were 
significant when compared with the variations within groups.'* 
P was found to be 0.046 for the incubator data, 3.452 for the room 
temperature data and 0.350 for the refrigerator data. As the 
tabular value of F for the 5% point was 3.98, it may be concluded 
that for none of the 3 curves was the departure from linearitj’" sig- 
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iiificant. A reiiiarkablj'^ good fit was obtained with the incubator 
data and the poorest agreement between the observed \-ahies and 
the calculated line was obtained with the room temperature data. 
As Figure 1 shows, this was largely due to the high figures obtained 
for the 4-hour period. 

It is not accidental that the sets of data for the 3 different tem- 
peratures determine 3 different lines since the slopes of these lines 
were found to differ significantly from each other. In testing this 
point, the standard error of the difference between two slopes was 
taken to be equal to the square root of the sum of the two variances 
of the slopes invoh'ed.^ Values of the statistic t were calculated for 
the difference between the slopes of the room temperature curve 
and the incubator curve and for the difference between the slopes 
of the room temperature curve and the refrigerator temperature 
curve. The i values were found to be 4.726 for the former and 2.495 
for the latter. Since both of these exceed the tabular figure of 1.960 
for P = 0.05, both are to be regarded as significant. It may there- 
fore be concluded that the prothrombin clotting time is a function 
of the temperature of storage as well as of the duration of storage. 

Discussion. The results of this study reveal the necessity of 
completing the prothrombin clotting time test as soon as possible 
after the blood is obtained. In answer to the question of how much 
the prothrombin may increase on standing, the table of e.xpected 
increases in clotting times was calculated from the equations of 
the 3 cur\’es (see Table 2). The values of Table 2 are, of course, 
the expected values and individual samples may give increases 
w'hich are greater or less than the tabular value. It will be observed 
that the expected increase is by no means negligible even for periods 
as short as 1 hour and that increased temperature greatly accelerates 
the increase in clotting time. 


Tabi.e 2.— I^■cRE.ASB IX PnoTHBOMBix Clottixg Tijies IX .Secoxds Over the 
I xiTiAi, Values After Storage for Givex Periods of Time 
AT Differext Temperatures 
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1 8 sec. 
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tempprature 
23° C. 

3 G sec. 

5 C “ 

7 1 “ 
S3" 


Incubator 

temperature 

.-58° C. 

8 4 sec. 
13 3 '• 

IG S “ 
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The average initial prothrombin clotting time ivas 20.8 pcconds. The afiovc 
fiirure.'i represent the c.vpcctcd increase over the initial value. 


The theoretical implications of the results obtained arc not 
obvious. However, there seems to e.xist some mechanism in the 
plasma, or operating on the plasma, by which the protiironibin 
clotting time is increased. This increase is proportional^ to the 
storage time, and the rate of increase is accelerated by an increase 
in temperature. It is rca.sonably certain, therefore, that prothrombin 
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is a labile substance. However, it is not clear whether the lability 
is due to deterioration of the prothrombin itself, to an enzymatic 
destruction of prothrombin, to the effect of an anti-thrombin or 
to some other cause. Further study is needed on these points. 

Summary. 1. Prothrombin clotting times should be determined 
as soon as possible after blood is obtained. 

2. In this study the prothrombin clotting time increased pro- 
portionally with the time of storage. At a given temperature, it 
increases as a straight line function of the log of the storage time. 

3. The rate of increase of prothrombin clotting time is directly 
proportional to the storage temperature. 

We wish to express our appreciation for the assistance and cooperation of Dr. Louis 
Bauman in whose laboratory this work was carried out, and also we wish to thank 
Miss Mary Hamlin for technical assistance. 
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Textbook of Embryology. Bj’- Hartoy E. Jordan, M.A., Ph.D., 
Sc.D., Professor of Anatomy and Director of the Anatomical Laborator- 
ies, University of Virginia, and James E. Kindred, M.A., Ph.D., Pro- 
fessor of Anatomy, University of Virginia. Pp. 613; 470 figures and 
31 plates. Fourth Edition. New York; Appleton-Centur}’ Company, 
1942. Price, S6.75. 

This standard textbook has been thoroughly revised by its authors. 
The straightforward account of human development for which the work 
has always been distinguished has been elaborated- to include recent e.xperi- 
mental and comparative embryologic data. Manj' neiv figures have been 
added. Some figures leave something to be desired in the matter of crafts- 
manship in draiving, but their accuracy is not thereby impaired. It is one 
of the most useful books available for student or practitioner. R. W. 


The Electrocardiogram and X-Ray Configuration of the Heart. 
By Arthur M. Master, B.S., M.D., F.A.C.P., Cardiologist to the 
Mt. Sinai Hospital, New York, Assistant Professor of Clinical Medicine, 
Columbia University, New York. Pp. 404; 108 figures, 163 illustrations. 
Philadelphia: Lea & Febiger, 1942. Price, .87.50. 

Instead of presenting sj'stematically the various electrocardiographic 
and roentgenologic variations and abnormalities and then attempting to 
show -n-hat these abnormal findings suggest, the author of this book Iiegins 
with variations and abnormalities in cardiac structure and position and 
then discusses the resulting effects on the electrocardiogram and roentgeno- 
gram. This somewhat novel method of presentation, together with tiie 
fact that the conclusions are often original and obviously based upon the 
author’s wide experience and observation, results in a book that is fresh and 
interesting. 

For similar reasons, the book naturally contains some conclusions that 
all students of this subject will not be willing to accept at the present time. 
It is doubtful, for example, if everj’one will accept the conclusion that 
T wave inversion in hj^iertension is due to m 5 'ocartlial hypertroply rather 
than to “left ventricular strain” or to myocardial disease. Likewise it is 
doubtful if ever}' one will care to go as far as the author goes in using 
electrocardiograms and roentgenograms to diagnose individual chamber 
enlargement and even valve lesions. These facts do not detract from the 
a'aluc of the work. This particular reviewer found the book challenging 
and important. _ T. M- 

Textbook of P.athology. By Sir Robert iMuin, iM.A., IM.D., Sc.D-i 
LL.D., F.R.S., Emeritus Professor of Patholog}’, University of Glasgow, 
Honorar}" Pathologist to the Western Infirmary’, Glasgow. Fifth Edition. 
Pp. 991; 599 figures. Baltimore: Williams & Wilkins Company, inil- 
Price, 810.00. 

This edition includes the important additions and modifications in the 
field of pathology’ in the p.ast o years, necessitating an increase of 1 19 page.- 
since the .second edition. Tlic aim continues to be borne in mind that a 
book was w-ritten primarily for students and that an understanding 
principles is of more importance than a knoyviedge of the rarer abnormalitif--- 
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The Medical Awlication of the Short Wave Current. By William 
Bibraian, ]M.D., Attending Physical Therapi.st, Mount Sinai Hospital, 
New York City; Assistant Clinical Professor of Therapeutics, New York 
University College of Medicine. With a chapter on Phy.sical and Tech- 
nical Aspects by Mtuon M. Schavarzschild, M.A., Physicist, Beth 
Israel Hospital, New York City; Instructor of Physics in Radiolog}-, 
New York University College of Medicine. Second Edition. Pp. .344; 
87 illustrations. Baltimore; William Wood (Williams & Wilkins Com- 
pany), 1942. Price, 85.00. 

The mode of action and the therapeutic effects of short wave therapy is 
a much debated subject. Some investigators, chiefly American, maintain 
that the therapeutic effects are derived solely from the heat generated by 
the current; rvhile others, mostly Europeans, believe that the effect is due 
to a specific action which may be either independent of or superimposed on 
the thermic effect. The author of this book belongs to the first of these 
groups. He does, however, reserve to himself “the privilege of retaining 
an open mind with regard to the possibility of the so-called ‘specificity.’” 

As in the first edition, the author has given a clear, scholarly exposition 
of the Amrious phases pertaining to the subject of short Avave therapy. 
Critically analyzing his oaati wide experience, he has also draiA-n abundantly 
from the experiences of others, even Av'hen their vieivs do not agree Avith his. 
Among the numerous references in the book, there is a large percentage 
giA'en to sources written in the principal foreign languages “in an effort 
to gixm the reader a comprehensive vieAV of the material without requiring 
him to expend the labor necessai^*- for the perusal of the A'oluminous and 
polylingual literature now aA’-ailable.” 

The present edition has been thoroughly reA^ised,- much new material 
added and the subject matter brought up-to-date. The text begins AAdtb a 
brief history of short AA-ave current, then foUoAv chapters on the physics of 
short Avave current, temperature determinations in the huinan, physiologic 
re.sponses to local heat and local short wave current, specificity and tech- 
nique. Next there follows a neAvly AA-ritten chapter on fever therapy and 
finally one dealing AA'ith clinical applications— this latter chapter occupying 
approximately one-half of the volume. Numerous neAv AA-ell-draAA-n illustra- 
tions enhance the \mlue of this edition. The text is clear, to the point and 
highly instructiAm. As a reliable guide not only for workers in short Avave 
therapy but also for other medical practitioners and, last but not least, as an 
inspiration to further study, this is a valuable book. J- N. 


A Short Hrstora- op Cardiology. By .Tames B. Herrick, M.D., Emeri- 
tus Professor of hledicine. Rush Medical College; Consulting Phy.“ician 
to Presbyterian Hospital, Chicago. Pp. 240; 48 plates. Springfield, 111.: 
Charles C Thomas, 1942. Price, 83.50. 

Seldom are we priA-ileged to baxm a thoughtful and cntertaining,_ historical 
survey of a medical subject such as this is, AA-ritten by one aa-Iio himself has 
contributed notably to that subject. _ I’lTien this rare bird does occur, n 
needs no commendation from a rcA-icAA-er, nor does Dr. Herrick’.® book. 
HoAvcA-er, A\-e aa-ouW like to remark that the same obscn'ing, keen and 
studious mind and critical judgment that detected ncAv clinical cntititf 
and differential diagnostic pictures has noAv been applied equally avcH in 
the search for a selection of those students of cardiologj' “aaIio, because ol 
their personality, their important Avritings, or their influence in the devclojp 
inent of knOAA-ledge may properly be regarded as Avorthy of reinembrancc. 
Dr. Herrick empliasizes that his a S/iort historj-, AA-ithout intention ot 
being encyclopedic, so that he has felt free to dAvcil heavily on biography 
and to omit some featurn®, especially if non-clinical, that one Avill mi". 
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Also tbe limitation to three centuries, “say from Harvey (1628) to Roentgen 
(1896),” excludes many whom we should have liked to have read about in 
Dr. Herrick’s charming style. Aristotle, Herophilus and Erasistratus, 
Galen, and Vesalius and others are fortunately not left out entirely; but 
one would have liked to have read of Realdus Columbus, Sarpi, Carl Lud- 
wig, Kolliker, Waller, the “congenital cardiologist” (including Maud 
Abbott), Broadbent, Richard Cabot, Libman, the heart surgeons, and by no 
means least, the author himself. We may hope that with the many useful 
days that are ahead of him, he may see fit to eliminate “Short” from the 
title and expand his history in both chronologic directions. 

Even in these wartime days, I would like to conclude with a relevant 
quotation from the author’s Preface: “The history of medicine as a suit- 
able subject for study can be warmly endorsed. It leads to a better under- 
standing of the present status of medical knowledge, making clearer what 
is definitely established and what is still in the stage of theorj'" or uncom- 
pleted experiment. It teaches the student the importance of going for 
information to monographs and original articles. It may lead him, if not 
in his undergraduate days, at least early in his practice, to read medical 
biography. Once acquired, this habit is more than an ephemeral pastime. 
As an avocation, the study of medical history, especially medical biography, 
with the collecting of medical books and prints, has many attractions. If 
not gone into with a too lavish expenditure of time and money and if not 
deferred too long, it ma}’' prove to be one of the delights of old age.” 


Biological Symposia. . Volume VII, “Visual Mechanisms.” Edited by 
Heinrich KxiivER, Professor of Experimental Psychology, the Uni- 
versity of Chicago, and Member of the Otho S. Sprague Memorial Insti- 
tute. Pp. 322. Lancaster, Pa.: The Jaques Cattell Press, 1942. 
Price, $3.25. 

The publications of Biological Symposia represent valuable contributions 
to scientific literature; and this Amlume, dealing with Visual Mechanisms, 
is no exception. The topics in this volume were presented as a symposium 
at the Fiftieth Anniversa^ of the University of Chicago in 1941. The 
problems of vision were discussed from the physical, biochemical, physio- 
logic, anatomic, histologic and psychologic points of view by Drs. Hecht of 
Columbia University, Ifirause, Polyak, Case and Kliiver of the University 
of Chicago, VMd and Lashley of Harvard, Gellhom and Bonin of the Uni- 
versity of Illinois, Bartley of Washington University, Marshall and Talbot 
of Johns Hopkins, and Walls of Wayne University. The book is highly 
recommended to all physiologists (in addition to those concerned chiefly 
with visual jiroblems) and to those ophthalmologists who desire a more 
complete understanding of that tremendously complex organ, the eye, and 
its connections with the central nervous system. The Amlume is ivell 
printed and richly illustrated. J, C. 


Myself, My Thinking, My Thoughts. By K. W. Monsaret. Pp. 140; 
24 figures. London: Hodder & Stoughton. University Press of Liver- 
pool, 1942. Price, 7/6, net. 

Presenting his treatise in an autobiographic form, this philosophic 
psj'chologist begins with a discussion of the “habit that human beings call 
‘thinldng,’” and continues in Part I, “My Thinking,” under the following 
diapter headings; My Self’s Affinnations and Ideas, About M3'^self’s Idea- 
Fonmng, IMy Remembering and Reasoning Self, Images, and The Matter- 
nlmd or Energj'-Mind Problem. This classification of what the writer 
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says about his own thinldng comprises two main groups of thoughts; those 
which convey his self’s assertions, and ideas which are described as ideas of 
relation. 

Part II, “My Thoughts,” where a selection is made from among his own 
thoughts under the following headings: Image of the Self as a System of 
Factors and the Image of the World, Interpreting and Explaining Images, 
Association and Balance, The Human Assembly, and Prospects. The=e 
various topics concern the writer's relations between his own powers and 
other powers. One chapter gives significance to the expression, “ explaining 
images.” Another discusses “what I name human needs, from my knowl- 
edge of my own states ” 

The final chapter considers the pro.spect of human well-being in the light 
of present-day trends of conduct, and the writer contends that criticism of 
human habits and thought is required, including inquiry into human think- 
ing itself. In this erudite contribution, the author has attempted courage- 
ously the further elucidation of the complex subject, human thought. 

X. y. 


Roentgen' Treatment of Diseases of the N’ervous System. By 
CoBNELius G. Dyke, M.D., F.A,C.P., Associate Professor of Radiologj', 
College of Physicians and Surgeons, Columbia University; Director, 
Department of Radiology, hfeurological Institute of New' York; and 
Leo M. Davidoff, M.D., F.A.C.S., Chief, Department of Surgeiy, 
Attending Neurological Surgeon, Jewush Hospital of Brooklyn. _ Pp. 19S; 
12 engravings, 7 charts, 16 graphs. Philadelpbia; Lea & Febiger, 1942. 
Price, S3.25. 

This monograph is one of that small group of books which gives more 
than it promises. The authors state in their preface that a “cornpilation 
of our present knowledge is timely.” A critical survey of the literature 
alone by such competent experts in their fields xvould have been a great 
contribution in view of the confusion that new apparatus and techniques 
have created in judging the results of Roentgen ray treatment. In reality, 
literature abstracts fill only a fraction of the book, and the results of per- 
sonal experience of the authors over a period of 12 years prevail. Almost 
200 carefullj' selected cases form the body of the book; of which over 80 are 
described in detail in their surgical and Roentgen ray treatments, their 
clinical course and final outcome. The combination of a neurosurgeon and 
a roentgenologist in the authorship of the monograph prevents anj' over- 
optimism concerning the curative effect of Roentgen ray therapy in the 
treatment and cure of brain tumors and other nervous diseases. Therefore, 
their true positive results deserv'e higher evaluation and should encourage 
appropriate application. This well-written booklet will sen'e as a usenn 
guide for neurologists, neurosurgeons and roentgenologists alike “tiirougn 
the maze of facts and suppositions that have accumulated in this field. 

F. b. 


NEW BOOKS 

The Hemorrhagic Diseases and the Phx'siology of Hemostasis. By Au'wXO 
J. Quick, Fh.D., IM.D., Associate Professor of Pharmacolog}', Alar- 
quette University School of lUedicine, Milwaukee, Wis. -U * 
9 tables, 23 figure.?, 1 color plate. Springfield, 111.: Charles C Thoroa^, 
1942. Price, S5.00. 

Cirilian Health in IVarlime. By Fr.\ncis R. Dieu.\ide, M.D., . 

Professor of Medicine, Harvard Medical School, Mass. Geiieral IIospU' • 
Pp. 328; several tables. Cambridge, Mass.; Harvard University 1 re^-, 
1942. Price, $2,50. 
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Biological Symposia. Vol. IX, Sex Hormones. Edited by F. V. Koch, 
Frank P. Hixon Distinguished Service Professor of Physiological Chemis- 
try and Chairman of the Department of Biochemistry of the University 
of Chicago, and Philip E. Smith, Professor of Anatomy, College of 
Physicians and Surgeons, Columbia University. Pp. 146; many figures 
and tables. Lancaster, Pa.: The Jaques Cattell Press, 1942. Price, 
S2.50. 

Annual Review of Biochemistry. Vol. XI, 1942. Editor, Jambs Mtjeeay 
Luck, Stanford, Univ., and James H. C. Smith, Associate Editor— 
Carnegie Institution of Washington, Division of Plant Biology, Stanford 
Univ., Calif. Pp. 736. Stanford University P. 0., Calif.: Annual 
Reviews, Inc., 1942. Price, $5.00. 

Annual Review of Biochemistry. Cumulative Author and Subject Index, 
Vols. I to X. Author Index compiled by Lucile Beowne, Chaelotte 
W. Gibb, Floea L. Hewlett, Betty P. Judson, Maeian Petees and 
Nancy S. Smith. Subject Index compiled by Janet I. Luck. Pp. 344. 
Stanford University P. 0., Cahf.: Annual Reviews, Inc., 1942. Price, 
$3.50. 

Both an author and subject index are included. The subject index has been 
done in considerable detail and greatly adds to the value of these volumes as works 
of reference. J. J. 

Laboratory Directions in Biochemistry. By Victoe C. Myees, M.D., 
Ph.D., D.Sc., Professor of Biochemistry, Western Reserve University, 
Pp. 288; 15 figures, many tables. St. Louis: C. V. Mosby Company, 
1942. Price, $3.50. 

This manual is divided into 4 parts. Part 1 covers the usual qualitative experi- 
ments given in courses in Biochemistry to medical students. Quantitative work 
on urine is also given in this section. Part 2 is devoted to clinical chemistry and 
includes most of the usual quantitative determinations done in a hospital labora- 
tory on gastric and duodenal contents, feces and blood. Part 3 is a special section 
covering the laboratory work for a course in biochemistry for dental students with 
references to many of the experiments in the first two sections. Part 4 is an 
appendix with notes on the use of colorimeters, analytical balance, etc. 

Brief outlines of the courses given to the medical and dental students at Western 
Reserve University are also included. J. J. 

Ovarian Tumors. By Samuel H. Gbist, M.D., Attending Gynecologist, 
Mount Sinai Hospital; Clinical Professor of Gynecologj'-, College of 
Physicians and Surgeons, Columbia University. Pp. 527; 312 illustra- 
tions. New York: Paul B. Hoeber, Inc., 1942. Price, $10.50. 

Manual of Standard Practice of Plastic and Maxillofacial Surgery. Military 
Surgical Manual I. Prepared and Edited by the Subcommittee on 
Plastic and Maxillofacial Surgery of the Committee on Surgery of the 
Division of Medical Sciences of the National Research Council, and 
Representatives of the Medical Department, U. S. Army. Robeet H. 
Ut", Chairman. Pp. 432; 259 figures. Philadelphia: W. B. Saunders 
Company, 1942. Price, $5.00. 

Ophthalmology and Otolaryngology. Military Surgical Manuals II. Pre- 
pared and edited bj'- the Subcommittees on Ophthalmologj’- and Oto- 
lai^mgology of the Committee on Surgery of the Division of Medical 
Sciences of the National Research Council. Pp. 331; 51 figures. 
Philadelphia: W. B. Saimders Company, 1942. Price, $4.00. 
Carcinoma and Other Malignant Lesions of (he Stomach. By Waltman 
Waltees, B.S., M.D., M.S., in Surgery, D.Sc., F.A.C.S., Surgeon, Mayo 
Clinic; Howaed K. Ge.a.y, B.S., M.D., M.S. in .Surgeiy, F.A.C.S., Sur- 
geon, Mayo Clinic; James T. Peiestley, B.A., M.D., M.S. in Exiieri- 
mental Surgeiy, Ph.D. in Surgery, F.A.C.S., Surgeon, Mayo Clinic; and 
Associates in the hlayo Clinic and Mayo Foundation, Rochester, Minn. 
Pp. 576; 143 illustrations. Philadelphia: W. B. Saunders Company, 
1942. Price, $8.50. ^ 



268 


BOOK KEMKWS ANJ) NOTICES 


Abdominal and Genito-nrinarij Injuries. Military Surgical JIanual HI. 
Prepared under the Auspices of the Committee on Surgerj^ of the Dm- 
sion of Medical Sciences of the National Research Council. Pp. 243; 
28 figures. Philadelphia; W. B. Saunders Company, 1942. Price, 53.0o! 
Biochemistry and Morphogenesis. By Joseph Needhau, F.E.S,, S)r 
William Dunn Reader in Biochemistry and Fellow of Gonville and Caius 
College, Cambridge. Pp. 785; 328 figures. Cambridge; The Uni- 
versity Press— -New York: The Macmillan Company, 1942. Price, S12 50. 
The Food You Eat. By Sajiuel and Violette Glasstone. Pp. 27S; 
18 plates. Norman, Okla.; The University of Oldahoma Press, Pub- 
lishing Division of the Universit 3 ’’, 1942. Price, .$2.25. 

The Hospital Care of the Surgical Patient. Bj"^ George Chile, Jr., iM.D., 
Surgeon, Cleveland Clinic, and Franklin L. Shitoly, Jr., M.D., Assi=- 
tant Surgeon, Cleveland Clinic. Pp. 184; 21 figures. Springfield, 111.: 
Charles C Thomas, 1943. Price, $2.50. 


NEW EDITIONS 

Textbook of Medicine. Edited by Russell L. Cecil, A.B., M.D., Sc.D., 
Professor of Clinical Medicine, Cornell University Medical College; 
Associate Attending Physician, New York and Belle^^le Hospitals; and 
Associate Editor for Diseases of the Nervous System; and Foster Ken- 
nedy, M.D., F.R.S.E., Professor of Clinical Neurologj^ Cornell Uni- 
versity Medical College; Attending Physician, New York Hospital; 
Visiting Physician in Charge, Neurological Sendee, Belle\Tie Hospital; 
Consulting Physician, New York Neurological Institute. Fifth edition 
Pp. 1744; 173 figures, some in color. Philadelphia; W. B. Saunders 
Company, 1942. Price, $9.50. 

This l-volume text continues the general format used in pre\ious editions, mill 
the addition of a number of neu contributors bnnpang the total to 144, most of 
■whom are members of medical school faculties. The addition of a significant 
number of well-chosen illustrations is a departure from former editions. Certain 
changes in the arrangement, text, etc., are made m accordance with preseut-da} 
knowledge, with significant references placed at the end of most subjects The 
book continues to be easily readable, well arranged, and one of the best 1-aoIumc 
textbooks on medicine. 7". 

The Microscope. By Simon Henry Gage, Emeritus Profe=;sor of Histoloff 
and Embrjmlogj' in Cornell Universit}'. Seventeenth Edition. Pp. 6U ! 
313 figures. New York: Comstock Publishing Compan}', 1942. Price, 
$4.00. 

Recent Adimices in Pathology. By Geoffrey Hadfield, M.D., F.R.C.P. 
(Lond.), Professor of Pathologj' in the University of London; Pathologist 
to St. Bartholomew’s Hospital, Formerly Examiner in Pathologj' in tiie 
University of London; and Lawrence P. Garrod, M.A., iM.D., B.Cil 
(Camb.), F.R.C.P. (Lond.), Professor of Bacteriology’ in the Univer'-ity 
of London, Bacteriologist to St. Bartholomew’s HospitaU Fonnerly 
Examiner in Pathologj’ in the Universitj' of Cambridge. Fourth Edi- 
tion. Pp. .346; 35 illustrations. Philadelphia; The Blaki^-ton Company. 
1942. Price, .S5..50. 

With the 4th edition coming 4 jears since the last, the greater part of this Ixiot 
has been rewTitten in accordance with newer knowledge. "Inflamniation -an 
related phenomena now occupy 2 introductory chapters instead of I. The cnaf>- 
ters on \-itamin deficiency diseases and on essentia! hypertension, and the cxtwi; 
sne sections on crush syndrome and extra-renal azota-mia are entirely new 
As w-as mentioned in their 1st edition, the authors Iiacc continued hargeiy to conj 
fine the text matenal to those observations related to the commoner proWems o. 
disease. Although useful to pathologists, those medical workers not in this li« 
will probably benefit most from this easily readable \olnme, which 
tiic newer knowledge with older established material. ■ 
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THE EXPERIMENTAL NEUROSIS IN ANIMAL AND MAN 

The lack of experimental method in psychiatry has been one of the 
reasons for the breach which tends to exist between it and other fields of 
medicine. The relative abstractness and complexity of causal factors 
in mental disorders made the experimental approach seem insurmount- 
able until the discovery of the conditioned reflex and the first description 
of an “experimental neurosis” by the Russian physiologist, Pavlov. 
With this came the opportunity, still largely unexploited, to study in 
the laboratory the relative importance of various types of conflict 
situations, of genetics and of somatic factors in the production of 
sjTnptoms. The analysis of these symptoms and the detection of 
means for their alleviation also became possible. Abnormal behavior 
has been synthesized in a variety of animals, including the dog, sheep, 
goat, rat, rabbit, cat, pig, pigeon, chimpanzee and ape. In a rudimentary 
way this synthesis has also been accomplished in man. Thus a founda- 
tion has been laid for the science of “comparative psychiatry.” 

Experimental Neuroses in Animals. Definition: Comparison With 
Unman Psychoneuroses. The term “experimental neurosis,” devised 
by Pavlov,-® lias been generally accepted to describe abnormal behavior 
of a more or less chronic nature which is produced experimentally. 
Cook'^ gives the following criteria: (1) the abnormal behavior must 
be maladaptive behavior; (2) it must further be behavior which involves 
a change in a given animal’s responses; and (3) it must be behavior 
which persists at least as long as the animal is in periodic contact with 
the precipitating situation. 

]\'Iost observers have carefully avoided identif jdng the “ experimental 
neurosis” of animals with the human psychoneurosis. However, all 
point out similarities in the objective manifestations, Liddell-- states, 


*• Now on active service Yvitli the Armed Forces. 
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“ If we begin matching animal and human situations we involve our- 
selves in insoluble problems. We therefore chose to attempt to stand- 
ardize a neurosis-producing situation, and then to explore in detail the 
psychosomatic consequences of the condition. We ha\'e no desire to 
identify the experimental neurosis in sheep with any form of human 
mental disorder. However, its origin suggests similarity to the human 
situation, where ditSculties arise under social pressure.” 

Mechanism of Production and Symptomatology. Pavlov’s first neu- 
rotic dog had preriously been trained to react to an electrical stimulus 
applied to a skin area by increased salivation (conditioned refle.x), 
instead of the normal reaction of defense (unconditioned refie.v'). ’iVhen 
the stimulus was applied to a variety of places on the skin instead of a 
specific area, a limit was finally reached. The conditioned reflex vas 
lost, a violent reaction of defense appeared and the animal became rest- 
less and excited. 

Probably the best kno^vn of Pavlov’s experimental neuroses occurred 
in a dog which had learned to differentiate between a circle, associated 
mth feeding (positive or excitatory stimulus), and an ellipse vith a 
ratio of semi-axes 2:1, not associated vdth feeding (negative or inhibi- 
tory stimulus). Further differentiation was attempted by approxi- 
mating the shape of the ellipse to that of the circle. All went well until 
an ellipse with ratio of semi-axes 9:8 appeared. “After 3 weeks of 
work upon this differentiation not only did the discrimination fail to 
improve, but it became considerably’^ worse, and finally di.sappeared 
altogether. At the same time the whole behavior of the animal under- 
went an abrupt change. The hitherto quiet dog began to squeal in its 
stand, kept wriggling about, tore off xrith its teeth the apparatus for 
mechanical stimulation of the skin, and bit through the tubes connect- 
ing the animal’s room vith the observer, a beharior which had never 
happened before. On being taken into the experimental room the dog 
now barked violently, which was also contrary to its usual custom: m 
short it presented all the symptoms of a condition of acute neurosis. 

■Pavlox'^--® expressed the belief that the e.xperimental neurosis was 
due to one of the follomng causes: 

1. Excessive stimulation of the inhibitory processes. This occurred 
in the experiment just cited. 

2. Conflict between cortical inhibitory and excitatory precise.'. 
This mechanism is described in a dog which was able to discriinmatc 
between a positive tactile .stimulus at the rate of 24 per minute and a 
negative tactile stimulus at the rate of 12 per minute. When one type 
of stimulus followed the other without a pause, the animal developed 
signs of a neurosis which lasted oh weeks. 

.3. Extraordinarily strong or unusual stimuli. This is illustrated 
the results of a flood which made it necessary for the animals to swim 
for their lives through a terrific storm. -411 of their conditioned reflexc:' 
disappeared, and one of them developcfl a chronic neurotic condition- 

investigation of experimentally produced neuroses have been con- 
tinued in this country by a number of ivorkers, including Gantt, 
Liddell and his a.ssociafes,'--^-’'-® Dworkin,’®’- Maior,^'-’’’’ Cook' ain 

others. , 

Gantt’’'’' has extended Pavlov's ana!y.si.s to a .study of .systems oum 
than the alimentary tract. This has included respiratory, circidatorv, 
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urinary, sexual and muscular activity in addition to social relationships. 
He describes (1) abnormalities in the rhythm and type of respiration, 
(2) increase of the heart rate, (3) intractable pollakiuria (as frequent 
as 30 times per hour) and (4) abnormally frequent erections and prema- 
ture ejaculations. The animals tend to improve temporarily after 
sexual relations or after being petted by a human companion. Gantt 
notes “a tendency toward disintegrative action as a psychobiological 
unit.”^®“ 

The Cornell University group, led by H. S. Liddell, has succeeded in 
producing chronic neurotic states in a number of animals, notably the 
sheep, using conditioned reflex techniques. Anderson and Parmenter^ 
describe three types of procedure that they have successfully employed ; 
(1) difficult differentiations, (2) experimental extinctions and (3) rigid 
time schedules. The first procedure is similar to that used by Pavlov 
in the circle-ellipse differentiation. The second consists of following 
the positive (food) stimulus with an exceedingly long series of negative 
(no food) stimuli. The third involves the use of a monotonous routine 
of alternating positive and negative stimuli; i. e., pure tone of 435 cycles; 
shock; 7 minute pause; pure tone of 900 cycles; no shock; 7 minute 
pause; pure tone of 435 cycles; shock; 7 minute pause; pure tone of 
900 cycles; no shock; animal released. With this sequence the condi- 
tioned reflexes increase in strength. Finally the level of excitation is so 
greatly augmented that the animal responds with a positive reaction 
(reaction of defense) to both the positive and negative stimuli and, 
indeed, to accidental noises, finally developing the typical findings of 
an experimental neurosis. “His nervousness is the result of the 
certainty of being confronted with the necessity for making an adequate 
psychobiological adjustment, an adjustment which is impossible since 
he cannot escape from the experimental environment. • It does not 
matter whether the stimulations which he is accurately anticipating 
are of an unpleasant or pleasant nature — shock or food.” 

Anderson and Parmenter give a detailed description of the manifes- 
tations of the experimental neuroses seen in their sheep and dogs, 
observed over periods as long as 12 years in a single animal: 

1. Hyperirritability, Over activity to Stimnlation and Restlessness During 
the Experiment. Sensitivity to touch or unexpected noise appeared 
among the earliest symptoms. The animal responded by running 
away, trembling or urinating. During the period of stimulation the 
animal seemed ready to react before any cause appeared. Some 
exhibited violent motor reactions and vocalizations. Before each experi- 
ment and in the intervals between stimuli the animals were tense and 
extremely restless; a marked increase in the number of spontaneous 
movements were noted. 

2. Inhibitory Types of Reaction. These were much less frequent than 
the excitatory variety. One dog, who had previously developed the 
hyperexcitable type of behavior noted above, later responded with 
little or no movement for long periods of time. The limbs appeared 
rigid and somewhat resistant to changes in position. They could, 
hoAvever, be placed in various abnormal positions. Anderson and Par- 
menter called this condition “ pseudo-decerebrate rigidity.” A psychia- 
trist might have called it catatonia with waxy flexibility. In 2 of the 
sheep a similar though more transient and localized inhibitory state 
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was observed. Instead of tlie normal response of flexion of the Icj: 
following the sliock, the animal vigorously extended the leg. TJie piil'-c 
was found to be rapid and labile during the interval periods, just as in 
the excitatory neurosis, in spite of almost complete absence of muscular 
movement. 

3. Transfer of the Motor Reaction Pattern. This occurred in several 
of the neurotic animals which had developed spontaneous movement.s 
of the stimulated leg in the intervals between stimuli. These sponta- 
neous movements shifted to other muscle groups, such as the opposite 
leg or the head and neck. The authors suggest the similarity between 
this shift and the unaccountable transfer of pains in neurotic patients 
from one location to another. 

4. Diurnal Neuromuscular Activity. The activity in a 24 hour day 
was measured by means of a pedometer attached to the foreleg. The 
total activity in the neurotic animal was not particularly different than 
that in the normal animal. The neurotic, however, show'ed about as 
much activity during the night as during the day, whereas the normal 
showed little or no activity during the night. The neurotic animal, 
like the neurotic human, apparently suffers from insomnia. 

5. Respiratory Manifestations. “ One of the most noticeable changes 
marking progress of the experimental neurosis in the sheep as seen in 
the laboratory is the increase in the average respiratory rate as well as 
changes of pattern and rhythm which accompany it.” The animals 
were studied not only in the laboratory but also in the barn, using u 
“long distance” pneumograph. Frequent apneic pauses were some- 
times follow'ed by deep inhalations and exhalations. 

6. Cardiac Manifestations. “Sheep in which an e.xperimental neu- 
rosis has been developed reveal, upon examination, a cardiac disorder 
which is characterized by a rapid and irregular pulse and by extreme 
sensiti\dty of the heart’s action to conditioned and other stimulation. 
Rapid increases of rate occur in response to mildly startling stimuli 
which have no effect upon the pulse of the normal sheep. Spontaneous 
variations of rate are observed both in the barn and in the laboratory. 
Conditioned stimulation produces a consideral^le and long-continued 
increase in pulse rate associated with premature beats and sometimes 
coupled rhy'thm.”^ 

7. Micturition and Defecation. The neurotic sheep characteristically 
retained his urine and feces until the termination of the e.xperiment. 
As soon as the experimenter began to release the animal, urination ami 
defecation occurred. This did not happen in normal sheep. Neurotic 
dogs frequently urinated during episodes of excitability but did not 
defecate. 

S. Social and Emotional Manifestations. Shyness was one of the 
most striking symptoms exhibited by both the neurotic dogs and 
neurotic sheep. They tended to remain alone, lacking the grcgariou^- 
ness seen in the normal. When it was necessary for them to get then’ 
food from a common source, they went hungry. The dogs did not join 
in the playful running and barking activities of their neighbors. hen 
cornered, tlicse shy' neurotic animals became aggrc'ssive and would bite, 
struggle or kick. The sheep exhibited no change in their sexual reac- 
tions. One of the neurotic male dogs lacked interest when a bitch m 
heat was placed in the pen %vith him. 
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Liddell" takes exception to Pavlov’s hypothesis that the cause of the 
abnormal behavior is a clash between intense cortical excitations and 
inhibitions. He i^oints out that animals allowed to run at will in a maze 
attempting to solve extremely difficult problems never develop dis- 
turbances. Some of these same animals soon become neurotic when 
confined in the laboratory. “ We believe that the experimental neurosis 
is caused by the equivalent of a human conflict situation. The dog or 
.sheep standing quietly in the harness has through habit relinquished 
its neuromuscular freedom. When such an animal is called upon to 
anticipate food or shock at certain intervals but not at others it cannot 
escape the issue. Its reaction, whether motor or secretory, represents a 
decision arrived at. When the task of making the necessary decision is 
beyond the individual’s capacity, its nervous system undergoes a drastic 
change in its mode of functioning and the signs of experimental neurosis 
appear.” 

This concept has been tested in Liddell’s laboratory by Sutherland 
and Cirrtis,® using the pig. It has been verified by Dimmick, Ludlow 
and Whiteman® in the cat and by Cook’** and Witkin®® in the rat. Dwor- 
kin has made another contribution, although his experiments involved 
different animal species. Harnessed dogs and free-moving cats were 
subjected to a situation involving delicate sound discrimination. Only 
the harnessed dogs developed severe neurotic disturbances, in spite of 
the cat’s poorer ability in discrimination of sounds. Cook'^*’ attempted 
to produce abnormal behavior in the white rat by a variety of methods. 
He was successful with only orie. In this method the rat was placed 
in a stand during the period of experimentation and all movement save 
struggling was impossible. The unsuccessful methods were essentially 
similar to the successful, involving opposing excitatory and inhibitory 
responses, save for the lack of restricted movement. Like Liddell he 
concludes, “ If, in a stressful situation, activity other than that involved 
in the critical response is sufficiently limited an ‘ experimental neurosis ’ 
will result.” 

Maier,®® on the other hand, describes the production of abnormal 
behavior in the rat under conditions of frustration. Unusual motor 
phenomena, especially seizures, appeared when the animals were con- 
fronted by food which is unattainable on one end and an objectionable 
stimulus, such as a blast of air, on the other. He expresses the belief 
that this frustration is a different type of situation than Pavlov’s con- 
flict between inhibitory and excitatory processes and Liddell’s concept 
of the importance of restriction of neuromuscular freedom. His work 
has been challenged by Morgan®^ who notes that seizures did not appear 
in Maier’s rats in the absence of an acoustic stimulus. Morgan was 
able to produce seizures as frequently with auditory stimuli alone as 
with auditory stimuli combined with “conflict.” He therefore con- 
cludes that the seizures are purely audiogenic in nature. 

Karn^® has noted abnormal behavior in an unrestrained cat attempt- 
ing to solve a problem in a double alternation temporal maze. 

SvsccptihUity io Experimental Neuroses {Rdle of “Constitution”). 
Almost all investigators have agreed that the development of a chronic 
behavior disturbance is limited to a fraction of all animals tested. 
Pavlov related this susceptibility to the basic “temperament” of the 
animal. He noted the appearance of neurotic behavior only in dogs 
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which were of tlie “melancholic” tj'pe (timid and docile with predomi- 
nance of inhibitory processes) or of the “choleric” type (excitable and 
aggressive with predominance of excitator^^ processes). Initially ivcli- 
i)alanced animals ("phlegmatic” or “sanguine” types) never developed 
chronic disturbances in behavior. 

Of 3 dogs that Gantt subjected to identical conflict situations, only 
1 developed a " chronic and apparently incurable neurosis.” Anderson 
and Parmenter stated that but 7 out of 28 sheep and 3 of 26 dogs which 
they studied developed experimental neuroses. Furthermore the time 
of development varied from as little as 10 days to as long as 7 years 
from the beginning of an experiment. Cook stated that his rats* pos- 
sessed varying degrees of constitutional predisposition. Three of G ani- 
mals used in one e.xperiment developed chronic symptoms of abnormal 
behavior. 

As yet, no controlled study of the relationship of heredity to suscep- 
tibility to the experimental neurosis is available. 

Somatic Factors. Gonads; Pavlov and Petrova'* studied the activity 
of dogs before and after castration. After castration the conditioned 
reflexes w'ere chaotic. Abnormal behavior occurred not only in the 
“melancholic” and “choleric” types of animals but also in pren'ously 
well-balanced animals. It tended to be transient in the latter. “ Num- 
erous experiments have showm that the main feature of the nervous 
activity of castrates is mostly a greatly weakened inhibitory process.” 
Thyroid: Thyroidectomy appears to effect the behavior of the dog 
more than that of the sheep.* Profound weakness or disappearance 
of the conditioned motor and salivary reflexes 'was obsen'ed in thjToid- 
ectomized dogs. It is notew'orthy that administration of 1 gm. of 
thyroid extract daily to neurotic sheep did not aggravate the condition. 
Adrenals: The possible role of the adrenals has been suggested by 
the report of Liddell and his coworkers^ on the effects of administration 
of extracts of adrenal cortex to neurotic sheep. Nervous s.\TOptoms 
were improved and the vigor of the conditioned reflex was increased. 
Adrenalin, on the other hand, increased the behavior disturbances and 
decreased the vigor of the conditioned reflex. Cerebral cortex: Jacob- 
sen, Wolfe and Jackson** produced a neurotic disturbance in a chimpan- 
zee in the course of experiments testing recent memory. After e.xtirpa- 
tion of both frontal lobes the animal became more friendly and had no 
further temper tantrums in spite of a great increase in the number of 
errors made during the testing procedure. 

Treatment. The therapeutic armamentarium has consisted of (I) 
rc.st, (2) sedatives, (3) eliminating the “conflict” and (4) hormones. 

Rest has seldom succeeded in producing permanent alleviation of 
symptoms. Pavlov noted that 1 animal, after being alone “for a 
very long time,” spontaneously recovered. Anderson and Parrnenter 
observed a spontaneous remission in a senile sheep who had tenaciou^j,' 
clung to his neurosis for 9 years, although the animal had previousl.' 
been exposed to long periods of rest and other attempts at therap>. 
They gave 1 animal a “rest cure” for 3 years, only to have the neurosis 
reappear after o days of experimentation. In 1 of Gantt’s dog.s, a res* 
of IS months in the laboratory was not followed by improvement. •} 
2-months’ vacation on a farm resulted in marked improvement until 
the animal returned to the laboratory, when the s>nnptoms retumc<l i" 
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several weeks. After another 18-months’ rest in the country, the 
neurotic symptoms reappeared, though less severe, in the laboratory. 

Pavlov believed that the most effective therapeutic agent for his dogs 
to be the administration of bromides over a period of about 10 days. 
The temporary use of this drug resulted in permanent improvement in 
excitable, neurotic dogs. He believed that bromides do not act by 
diminishing the excitability of the nervous system, inasmuch as positive 
conditioned reflexes remained constant after its use, but that it strength- 
ens the intensity of .internal inhibition. Dworkin, Raginsky and 
Bourn e^’^ verified the persistent effect of this drug. Neurotic symptoms, 
they found, were quickly abolished by sodium amytal, nembutal, alco- 
hol and avertin, but these symptoms returned within 24 hours. Ander- 
son and Parmenter agreed that single doses of sodium amytal and 
alcohol have only transient effect; the same applied, however, to a single 
dose of sodium bromide. Continued administration of small doses of 
phenobarbital to a neurotic sheep resulted in definite decrease in 
“nervousness” and increase in cooperation. This improvement was 
maintained after cessation of the drug, although the authors felt that 
this may have been on the basis of a spontaneous remission. 

A type of desensitization has been successfully utilized by Anderson 
and Parmenter. One of their dogs developed the typical symptoms of 
an experimental neurosis after being completely unable to make a 
successful differentiation between the metronome beating at the rate 
of 120 per minute (followed by a shock) and the metronome beating 
at the rate of 36 per minute (not followed by shock). When the sound 
of a buzzer was added to the negative stimulus, the animal succeeded 
in making the differentiation. It then became practically normal and 
continued so during the remaining year of the experiment. 

Improvement following the use of extract of adrenal cortex has 
already been noted. 

Experimental Neuroses in the Human. Experimental production of 
abnormal behavior in the human, partly of necessity, has been some- 
what limited. A start in this direction, however, has been made by 
(1) the conditioned reflex technique employed by Krasnogorski,-” (2) 
the creation of complexes in the hypnotic state as suggested by Luria-^ 
and (3) the techniques of topologic and vector psychology described 
by Lewin and his colleagues.®'® -^ 

Conditioned Reflexes in Children. Ki’asnogorski has used tlie classical 
conditioned reflex techniques of Pavlov. Behavior disturbances were 
produced by difficult differentiations and delayed reaction^. Under 
these experimental conditions the children reacted much the same as 
Pavlov’s dogs. Loss of the conditioned reflex, restlessness, irritability, 
asocial behavior and refusal to return to the laboratory were among 
the symptoms noted. 

The Lwia Technique. Artificial emotional complexes are created 
while the subject is under deep hypnosis. For example, the hypnotized 
subject is given the following instructions: “When you come into the 
experimental room and sit before the apparatus, you will want to repeat 
two words— Ted and blue, red and blue. However, you will not be 
able to speak them, although they will continue to be present in your 
thoughts.” Thus two obligatory but opposing tendencies are created. 
In the post-hypnotic period the subject, having an amnesia for the 
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suggested complex, is asked to associate freely, to repeat the names el 
various colors including the disturbing ones or to define the color of 
objects such as blood. When he finds himself unable to carry out these 
simple requests— without conscious reason~he becomes perplexed and 
upset. An acute disorganization of behavior may be induced as shown 
by the disturbance in the character of the associative processes and i)y 
increased tension and tremor which is recorded on a kymographic tracing 

This method has been utilized by Huston, Shakow and Erickson,*' 
Erickson*"* and Eisenbud.*^ Tlie latter produced symptoms in a sus- 
ceptible subject by suggesting hostile, aggressive impulses during the 
hypnotic period.**" Although the subject was not consciously aware 
of these impulses in the axvakened state, he complained of headache 
and irritability. Using a modification of the Luria technique, Eisenbud 
tested the hypothesis that the excitement of the parasympathetic divi- 
sion of the autonomic nervous system varies with the function of repres- 
sion.***' This xvas done by substituting measurements of parotid gland 
secretion and of gastric motility for the association procedure used i)y 
Luria. 

Topologic and Vector Psxjchology. This is essentially a mathematical 
approach employing psychobiologic data. The topologic situation 
consists of the individual in his own life space. The individual’s per- 
sonality structure may be differentiated into his inner personal rnjion'x, 
consisting of needs, goals, aversions and so forth, and a surrounding 
motor percephial region, by which the inner personal regions make con- 
tact with the outer world. The needs, goals and aversions of the indi- 
vidual give rise to tension systems, which induce in turn corresponding 
environmental regions to acquire positive or negative valences. The 
intenlction between tension systems and valences results in a force 
acting on the individual, drawing him toward regions of positive \'a!encc 
and repelling him from regions of negative valence. The magnitude 
and direction of the forces may be ascertained; hence they are defined 
as vectors. When the individual is suspended between opposing vector^ 
of the same magnitude, a conflict siUintioxi results. The concept rn.'o 
be illustrated as follows: 

A child desires a piece of candy. The child’s mother will punish him 
if he takes it. The child’s desire, representing an inner personal region, 
causes the candy to assume a positive valence. The fear of punishment 
assumes a negative valence, hence represents an opposing vector. Thus, 
a conflict situation is established. 

Dembq-' and Brown,** using this concept, hax'e estaijiished expen- 
mental methods which subject the individual to severe frustration and 
subsequent disorganization of the personality. The subject is requested 
to .solve a problem for which no solution exists. Not being aware of 
this, emotional tensions arise which may result in regre.ssix'c type^ of 


behavior. 

Conclusion. The experimental method ojtens a valuable tcatmg 
ground for the hypothe.ses of psychopathology and for the concepts of 
psychosomatic medicine. It should not be c.xpected to supplant the 
liistorical, analytical approach of psyciiiatry, but rather to be a useful 
adjunct to it. 

Alklut J. Lfiii.x, Al.iA 
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THE ETIOLOGY AND PATHOGENESIS OF ACUTE 
HEMORRHAGIC PANCREATITIS* 

I. Introduction. Acute pancreatitis, as it occurs in man, seems to be 
manifest in two different forms which present a similar clinical picture 
at their onset, but tvliich follow strikingly different clinical courses 
and have vastly different prognoses. Both forms are characterized 
by the sudden dramatic onset of constant, agonizing, epigastric pain, 
accompanied by marked prostration. There are usually epigastric 
tenderness and rigidity, nausea and vomiting, and moderate fever 
and leukocytosis. Various other signs and symptoms may be present, 
but in general the picture is one of an acute abdominal catastrophe, 

* This paper was originally submitted, in more detailed form, by the author as 
a student requirement in Pathologj", in the University of Pennsylvania. — Editor. 
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occurring in the upper half of the abdomen, ^vhich is not specific for 
either form, and not very different clinically from other conditions 
such as a perforated peptic ulcer, acute cholecystitis, and intestinal 
obstruction. 

In a few hours to a few days, the picture presented by the two forms 
starts to diverge markedly. 

In one form the disease follow's a fulminant course characterized by 
shock and the picture of a profound toxemia, and terminates fatally, 
in the majority of cases, in a fe%v days to a fe\v weeks. In the other form, 
the disease seems to be at or very near its peak almost at the time of 
onset. This picture persists for from several hours to a few days and 
then subsides, usually without residual" sjnnptoms. The pancreas in 
the fulminant form is the seat of varjdng degrees of hemorrhage, necrosis 
and/or suppuration; in the benign form there is only marked edema of 
the pancreatic and peripancreatic tissues. The varied pathologic lesions 
seen in the fulminant form have been considered by some authors to be 
states of one pathologic process and they have called the disease “Hem- 
orrhagic Necrosis of the Pancreas,”*^ “ Hemorrhagic Pancreatic Necro- 
gjg^”35.35a “Acute Pancreatic Necrosis,”^^’"® and “Acute Hemorrhagic 
Pancreatitis”;“’®*'®-’®"“’™ others^-®-^ have classified it into tlnee groups 
depending upon w'hich pathologic lesion was dominant. This form 
seems to be a clinical entity regardless of the specific lesions; for it I 
shall use the term acute hemorrhagic pancreatitis in this sense through- 
out this paper. The mild form has been called “ subacute pancreatitis,”^’ 
“acute interstitial pancreatitis,”*®-®® or “acute edematous pancreat- 

itis”,16.17.!9.69 

Fitz,®® in 1888, gave the first accurate description of acute hemorrhagic 
pancreatitis, and since that time this form of the disease has held a 
fairly prominent place in medical literature. Archibald* in 1913 called 
attention to edema of the pancreas as a result of experimental study 
of hemorrhagic pancreatitis in animals, and in 1924 ZoepffeP differenti- 
ated 4 cases of acute edema of the pancreas seen at operation from 
7 cases characterized by hemorrhage and necrosis of the pancreas. If 
1933 Elmam® collected 33 cases from the literature and presented them, 
together with 4 of his owm cases, “to establish as a clinical and patho- 
logic entity, the undoubted occurrence of a special type of acute pan- 
creatic disease, tentatively designated as acute interstitial pancreatitis, 
which is characterized b\' the presence of edema, swelling and induni' 
tion of the pancreas without necrosis, hemorrhage, or suppuration. 
Since that time this form of the disease has been fairly widely recognii^ed 
by the medical profession. 

The term “acute pancreatitis” as used in the literature from 
until 1933 refers only to the fulminant form of the disease. Paring 
this time acute pancreatitis was c-onsidered a rare disease with an 
extremely high mortality. Despite its infrequent occurrence it was tlie 
subject of a considerable amount of investigation, and its etiology am 
pathogenesis were the source of much study and controversy. Ilccati^e 
of this fact most of the information relative to the etiology and patho* 
genesis of acute panercatiti.s pertains to the fulminant form of im 
disease only, and experimental work has been largely directed toward t n 
production and study of hemorrhagic pancreatitis. 

It is important to remember that when much of this work was done, 
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the edematous form of the disease was not recognized and that this 
may have been the source of confusion in some instances. Careful 
scrutiny of clinical studies of acute pancreatitis strongly suggests that 
this factor has been responsible for some of the discrepancies that exist 
in the literature, especially in regard to case-fatality statistics. Its 
influence upon experimental studies also probably has been important. 

The relationship between these two forms of acute pancreatitis is 
unkno^vn at the present time and accurate classiflcation awaits further 
knowledge of their etiology and pathogenesis. With this in mind as a 
future objective, it is the purpose of this paper to review some of the 
clinical and experimental evidence bearing upon the etiology and patho- 
genesis of acute hemorrhagic pancreatitis. 

II. Patholo^c Anatomy of Hemorrhagic Pancreatitis.^^'^®’^®’^^'^’^®’®®'“’®'^“ 
The pathologic changes seen in the pancreas in hemorrhagic pancreatitis 
are varied depending upon the degree of hemorrhage, necrosis, and/or 
suppuration present. In some cases hemorrhage into the pancreatic 
parenchyma may be massive, amounting to what has been called 
“pancreatic apoplexy,” and no necrosis or suppuration may be seen. 
In other cases there may be massive necrosis of the gland with very 
little hemorrhage or suppuration. In still other cases, the gland may 
present only one or several areas of suppuration and occasionally the 
entire gland is involved, with formation of a large sequestrium. It is 
believed that these latter cases are true abscesses due to bacterial infec- 
tion. They are uncommon. In other words, it seems that any one of 
these 3 lesions may be present in the pancreas in cases showing the 
typical clinical picture of acute hemorrhagic pancreatitis. In the 
majority of cases seen at operation or autopsy there is one large or 
several smaller areas of neqrosis with a considerable amount of hemor- 
rhage into the adjacent parenchyma. 

Many workers believe that in most cases these various lesions repre- 
sent stages of one fundamental pathologic process. Others consider 
the three lesions to be the result of different processes and classify this 
disease into three pathologic types on the basis of dominant lesion. 
Of the authors who consider these lesions to be stages in one process, 
some hold that hemorrhage is the fundamental lesion and that it causes 
the necrosis. Others^^’®^ hold that necrosis of the parenchyma is the 
primary lesion and that when the process causing necrosis involves 
blood-vessels, hemorrhage may occur. Almost all agree that if the 
patient lives long enough the process will localize and form an abscess. 
Likewise most workers agree that in some cases bacterial infection may 
cause suppuration and abscess formation which may or may not be 
accompanied by hemorrhage. 

Rich and Duff®^ believe that the primary lesion, except in cases due 
to bacterial infection, is a necrosis of the walls of blood-vessels involving 
chiefly the adventitia and media, which is difficult to differentiate from 
the arteriolar necrosis seen in the kidney in malignant hypertension. 
They feel that this lesion is characteristic in man and can be reproduced 
in animals by the digestant action of trypsin on vessel walls. Hemor- 
rhage occurs due to rupture of the area of necrosis in the wall. The rest 
of the microscopic picture varies with the dominant gross lesion. There 
is 'usually an inflammatory edema of the gland with poljTnorphonuclear 
infiltration of varying degrees. 
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in. Clinical Observations Bearing Upon Etiology and Pathogenesis 
of Hemorrhage Pancreatitis. A. Relation of Acute Pancreatitis to Dis- 
ease of the Biliary Tree. Practicall 3 '- no one who had studied a scries of 
cases of acute hemorrhagic pancreatitis has failed to point out the higli 
incidence of chronic cholecj'stitis and cholelithiasis in these cases. This 
was noted bj'^ Fitz’^ in 1888 and has since been verified many times. 
Some of the more extensive studies which have been concerned with this 
factor are given in Table 1. 

Thus, as Wangensteen, Leven and Manson"* have stated, “ clinically 
the common denominator .... of acute hemorrhagic pancreatitis i> 
a.ssociated disease of the biliary tract.” 

The raajoritj'^ of the studies in which this factor has been considered 
were presented before 19.33, and they' dealt only w'ith cases of acute 
hemorrhagic pancreatitis. In light of these reports it is clearly atali- 
lished that, though the incidence reported bj' various authors varia in 
degree, it is certainly high in all of them. Dragstedt"^ and his coworkens 
have summed this factor up very well by' stating that about G0% of 
cases of hemorrhagic pancreatitis in man are associated with chronic 
gall bladder disease. It is much less commonly associated with acute 
cholecystitis. 

Table 1.— Published Data on Hemorrhagic Pancreatitis* 
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B. Obesity has also been reported frequently to be a very common 
finding in acute pancreatitis.*’"' Since this factor is al.«o c-om- 
inon in disease of the gall bladder, its significance in acute pancreatitis 
Ls questionable.*' 

C. It is likewise well established, that acute pancreatitis occurs com- 

monly after the ingestion of a heavy meal,-* and recently obscrNcr* 
have noticed that it may also follow bouts of alcoholism."''’ , ,, 

IV. Etiology of Hemorrhagic Pancreatitis. A.Classifirution. Lewi-on 
modified iMcWhorterV* cia.ssific.ation of the etiology of acute pm*' 
creatitis and presented a very complete .survey of the factors 'j!',’ 
have been known to cau.se acute hemorrhagic panereatitm, or ' 
have been offered as theories of its etiology. This cia.ssification is mm 
without regard to the relative incidence of the various factors, hut b f 
value becau.se of it.s ail-inchisrve nature. This classification with '■*'***' 
modifications is as follow.s: 
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I. Pancreatitis of Infectious Origin 

A. Invasion of the pancreas along the lymphatics 

B. Invasion of the pancreas from the blood stream 

C. Infection by extension along the pancreatic ducts from the duodenum or 

from the bile ducts 

D. Invasion by direct extension from infected foci 

E. Invasion following activation of bacteria in the normal gland 

F. Invasion by bacterial spread through the walls of adjacent altered viscera 

II. Pancreatitis of N on-infectious Origin 

A. Due to reflux into the pancreatic duct of: 

1. Bile — incident to 

(а) Stone at ampulla of Vater 

(б) Spasm of sphincter of Oddi 

(c) Edema of ampulla of Vater 

(d) Miscellaneous 

2. Duodenal contents 

B. Obstructions of the pancreatic ducts by: 

1. Epithelial metaplasia 

2. Miscellaneous factors as 

(a) Tumors 

(b) Stricture 

(c) Edema 

• (d) Stone at ampulla of Vater 

C. Trauma 

D. Vascular accidents 

(a) Embolus 

(b) Thrombosis 

(c) Rupture 

III. A Combination of Two or More Factors 

This classification will be followed in the discussion of the etiology of 
hemorrhagic pancreatitis. 

B. Hemorrhagic Pancreatitis of Infectious Origin. That bacterial 
infection of the pancreas may cause the typical picture of hemorrhagic 
pancreatitis has been established by numerous autopsy reports of un- 
doubted cases in Avhich this has occurred.^’^®'^® 

1. Rare Sources. Cases due to hematogenous spread of infection are 
reported by competent workers.^®’^® This is also true of cases due to 
spread of infection by direct extension from an adjacent infected focus.“ 
However, it is generally believed that this is a rare occurrence. Its 
chief significance lies in the fact that the typical clinical picture of acute 
hemorrhagic pancreatitis can be produced by this means. It cannot be 
denied that infection by direct extension along the pancreatic ducts 
from the duodenum or the common bile duct may occur, but this lends 
itself less readily to verification and has not been clearly established. 
It seems certain that this, too, is a very rare cause of hemorrhagic pan- 
creatitis. Invasion by bacterial spread from the walls of a distended 
loop of gut has been suggested,^® but it likewise is rare, and in most 
instances would merely constitute a complication of peritonitis due to 
localization in the pancreas.^ Statistically it is of little etiologic sig- 
nificance. 

The question of activation of bacteria normally present in the pan- 
creas was raised by Tower'- and elaborated by Dragstedt-^ in 1934. 
This problem requires further discussion but it should be considered 
under pathogenesis rather than under etiology. 

2. The Lymphogenous Theory. The theory of lymphogenous spread 
of infection held a very prominent place in the discussion of the etiology 
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of hemorrhagic pancreatitis in the first two decades of the century. 
This theory found its basis in the frequent occurrence of chronic chole- 
cystitis in cases of hemorrhagic pancreatitis. Maugeret^®“ brougJit 
this theory into the limelight; Denver 70 Graham, ““and Judd”‘ 

were its ardent proponents in this country. This theory held that 
acute (and chronic) pancreatitis is usually the result of bacterial infec- 
tion of the pancreas and that this most commonly occurs by spread 
“over the anastomosing network of lymphatics in the retroperitoneal 
tissue which connects the gall bladder with the pancreas.”®'' 

This theory was criticized by Archibald® on the basis that the spread 
of infection by this route would be blocked by intervening nodes and 
would demand retrograde flo%v of lymph. Sir Berkley Moynihan” 
countered this argument by postulating that chronic infection may ivell 
have blocked the nodes draining the gall bladder and this would cause 
a retrograde flow of lymph to the pancreas. 

This controversy was highly productive and stimulated valuable 
investigations, but the lymphatic theory soon fell by the wayside. 
Kodama,'*® in an excellent study, failed to demonstrate direct ly'mphafic 
connections between the gall bladder and the pancreas. Graham and 
his coworkers®®" accepted this work and withdrew their support of the 
lymphatic theory. Archibald® pointed out that cultures of peritoneal 
exudate are usually negative in hemorrhagic pancreatitis. Wangen- 
steen et presented convincing and rather conclusive evidence 
against the lymphatic theory. His arguments are as follows ; 1 , Necro- 
sis of pancreas did not once follow the establishment of acute chole- 
cystitis in animals; 2, direct injection of bacteria into the pancreatic 
parenchyma failed to produce necrosis; 3, in phlegmonous or gangrenous 
cholecystitis the complication of clinical acute hemorrhagic pancreatitis 
is unusual; the association with chronic cholecystitis is common, “u 
Ij'mphogenous infection were the chief etiologic factor in hemorrhagic 
pancreatitis, we would certainly expect to see it more commonly wita 
the acute form of cholecystitis, for it is well knovTi that lymphangitis 
is common ivith acute infections and rare in chronic infections, ^^cre 
this ‘lymphatic theory’ true, it would be difficult to e.xplain the safctv 
of conservative treatment of acute cholecystitis.”” , . 

These arguments, plus the fact that cultures from the gland and 
peritoneal exudate are commonly sterile in hemorrhagic pancreatitis, 
liave led Wangensteen, Manson and Leven” to conclude that “lympho- 
genous spread of infection very rarely may be held responsible for acute 
hemorrhagic pancreatitis.” 

In summing up the current concept of infectious origin of acute 
hemorrhagic pancreatitis, we may say that while infection, reaciiuig 
the pancreas by \’arious routes, may precipitate acute pancrcatitb, 
this is an uncommon occurrence. If it docs precipitate acute pancreat- 
itis, the pancreatitis is usually of the suppurative variety but most 
authors agree that occasionally hemorrhagic pancreatitis in its typica 
form may result from infection. . . 

C. Acute Hemorrhagic Pancrcaiifis of Xon-iiifrrtioiis Origin. 
ing to the non-infectious origin of pancreatitis wc again find listed in tic 
foregoing classification, factors which seem to have been proven 
cause hctnorrliagic pancreatitis, but which are re.spon.sible for onl> 
very small percentage of eases seen in man. 
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1. Uncommon Cmiscs. (a) External Tranma. External trauma to 
the pancreas is infrequent, but if moderately severe, it not infrequentl^'^ 
is followed by acute hemorrhagic pancreatitis.^'’ However, its total 
incidence is so small that it is responsible for very few of the cases 
reported in the literature. Its chief significance lies in the fact that it 
can produce the typical picture of acute hemorrhagic pancreatitis. 
Some workers^^ believe that they have successfully utilized this method 
to produce hemorrhagic pancreatitis in experimental animals. 

{b) Vascular Accident. Arterial embolism, and arterial and venous 
thrombosis have been reported as the primary etiologic factor found 
at autopsy in cases of hemorrhagic pancreatitis.^®’^®'®^" Tower,''^ investi- 
gating this factor, found that she could regularly produce severe toxemia 
and death with the typical picture of acute hemorrhagic pancreatitis 
by tying off a sufficient portion of the blood supply to the pancreas in 
dogs. She questioned her own results because cultures of the peritoneal 
exudate were positive in all cases. 

Dragstedt and his associates'^ state that the condition is not readily 
produced in animals by ligation of the blood supply to the pancreas. 

Smyth®^“ reported that the production of infarcts in the pancreas by 
intra-arterial injections of mercury resulted in local areas of necrosis, 
but in no case did he produce the typical spreading type of hemorrhagic 
pancreatitis. 

2. Reflux of Bile. The common channel theory of Opie®® holds 
that the great majority of cases of acute hemorrhagic pancreatitis are 
caused by the reflux of bile into the duct of Wirsung. This occurs when 
an obstruction, organic or functional, at the ampulla of Vater converts 
the common duct and the duct of Wirsung into a common channel. 
This theory found its origin in 1901 when, in performing an autopsy on 
Halsted’s case of acute hemorrhagic pancreatitis, Opie found a small 
gall stone impacted at the ampulla of Vater converting the ductus 
choledochus and the duct of Wirsung into a common channel. Opie 
demonstrated that by pressure on the gall bladder, bile could be forced 
into the duct of Wirsung. From this finding and subsequent studies he 
concluded that the explanation for the common association of acute 
hemorrhagic pancreatitis and biliary tract disease is the occurrence of 
reflux of bile into the pancreatic duct, incident to an impacted calculus 
at the ampulla of Vater. His classic description of this autopsy at- 
tracted much attention and provoked a long series of valuable and 
enlightening experiments by many workers. 

At the present time the common channel theory is the most common 
mechanism offered to explain the relationship of acute pancreatitis to 
chronic cholecystitis. It has been subject to much clinical and experi- 
mental investigation, and is now reasonably well established. However, 
the problems it has raised are not entirely settled. 

The validity of this theory is absolutely dependent upon the proper 
anatomic arrangement of the entrance of the ductus choledochus and 
the duct of Wirsung into the duodenum. It is essential to this theory 
that the ducts unite to form an ampulla before they empty into the 
d\iodenum. This has been the subject of numerous investigations and 
some controversy. 

A tabulation of results obtained by various workers investigating this 
factor is given in Table 2. 
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Tablk 2. -I’uBBinnBi) Data on thk llBi,ATioNb or tub Ducts anu tuk 
Ampulba of Vatbr* 





Cases in which 
a stone at the 
ampulla might 

Ca^es in which 


No. of 


form a common 

the ducts cmiitiod 

Author 

Common ampulla, channel, 

scnaratfly, 

cases 

% 

% 

% 

Rugo 

43 

75 



Opie 

100 

89 

30 

11 

Baldwin 

90 

78 


32 

Oser . 

von Schmieden and Se- 

100 


.32 


bening 

35 


32 


Judd 

170 


4.5 


Mann and Giordano 

200 


3 5 


Cameron and Noble 

100 

74 

00 


Belou 

50 


54 

30 

* Modified from Colp and Doubilct.** 



Following discoverj^ of 

the impacted 

calculus, Opie, 

in 1901, 


analyzed 100 autopsy specimens and found that a common opening 
into the duodenum existed in 89% of cases. However, he concluded 
that in only about 30% of these cases was the distance from the ostium 
to the apex of the ampulla great enough to allow the formation of a 
common channel by an impacted biliary calculus. Mann and Giordano” 
questioned the theory of biliary reflux, and reported that in only 3.5% 
of 200 autopsy specimens examined by careful dissection was it ana- 
tomically possible for impaction of a stone at the ampulla of Vatcr to 
convert the common duct and the main pancreatic duct into a coramon 
channel. Since all previous specimens had been examined by dissection 
after fixation, Cameron and Is^oble'- attempted to study fresh material 
by more physiologic methods. They examined 100 fresh specimens by 
introducing a small biliary calculus into the ampulla of Vater and inject- 
ing colored fluid into the common duct. By this method they were 
able to demonstrate regurgitation of fluid into the duct of Wirsung in 
60 % of 100 routine autopsy’’ specimens. This work has been generally 
accepted as answering the question conclusively. Thus, as Dragstedt- 
and others'”’’*'^'' have stated, from this work Ave can reasonably assume 
that in 60% to 70% of cases the anatomic arrangement of these duct- 
is such that a common channel may conceivably be created. 

Accepting this, it remains to be showm, as numerous workers have 
pointed out-^-'*®'” that bile w'ill flow into the pancreatic duct if a com- 
mon channel is created. Evidence bearing upon this question may lie 
procured from several different sources and may be summarized as 
follows: _ 

(n) Eridnicr From Animal Exprrhncnhiiion. Mann and Giordano 
ligated the bile duct below the entrance of the pancreatic duct in a 
series of adult goats. They found that bile was not forced into tlie 
pancreas e.xcept after a considerable periofl of time, and that when i 
did infiltrate the pancreas under maximal physiologic pressure, aciiU 
hemorrhagic pancreatitis did not occur. . 

Bi.sgard and Baker*' repeated the work of Mann ami Gioniaiio am 
found that hemorrhagic pancreatitis did result in very young goats >u 
not in adult goats, indicating that reflux does occur in younger aninia 
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Wangensteen, Leven and Manson’® produced a common channel in 
cats and found that bile passed into the pancreas. Since they found 
this to occur most regularly after a fat meal, they believed that con- 
traction of the gall bladder was an important factor. 

In 1931, Wolfer®® produced a common channel in dogs by connecting 
the two ducts by means of a cannula, and found that pancreatic juice 
regularly flowed into the biliary tree. 

Bottin®“ anastomosed the bile and pancreatic ducts in dogs and failed 
to produce pancreatitis. 

{b) Evidence of Direction of Flow in Man. Numerous reports are 
available in which pancreatic juice has been demonstrated in the drain- 
age from the gall bladder or the common duct. Some of these are as 
follows : 

Bisgard and Baker® reported a case in which pancreatic enzymes were 
demonstrated in drainage from the common duct. They concluded 
that this was not due to duodenal reflux because particles of dye and 
of charcoal fed the patient failed to appear in the drainage. 

Popper®® found an increase in amylase in bile (usually from the gall 
bladder) obtained at operation in 17 % of 219 cases studied. 

Colp and DoubileP®-^® found amylase in the biliary drainage in 4 of 
14 cases operated for acute cholecystitis and in 10 of 35 cases of chole- 
lithiasis or choledocholithiasis. They also reported that in 7 of 10 cases 
in which amylase was demonstrated, the duct of Wirsung was visualized 
by cholangiography. 

Certain it is that pancreatic reflux into the biliary tree during external 
drainage of bile occurs in a considerable number of cases, and we are 
coming to realize that it is much more frequent than we had previously 
thought. Dragstedt®'* stated that external drainage altered the normal 
pressure relationships in the biliary tree so that flow into the common 
duct might be expected. Colp and DoubileP® felt that in their cases, 
the pressure relationships could probably be assumed to be approxi- 
mately normal because the bile flows against a resistance of 90 to 
110 mm. of Avater (the height of the abdominal wall above the ductus 
choledochus) through the drainage tube. This argument would hardly 
be considered valid since the pressure in the human biliary tree has been 
' shown to be much higher than this figure.®^" 

(c) Evidence From Autopsy Studies in Cases of Hemorrhagic Pancreat- 
itis. The bulk of direct evidence of the direction of flow in man consists 
of the numerous autopsy reports in cases of hemorrhagic pancreatitis in 
which bile has been found in the pancreatic ducts.®® ®' '®®'®®'®^ Rich and 
Duff®® have questioned the validity of such evidence on the basis that 
pathologists routinely squeeze the gall bladder to investigate the 
patency of the common duct. 

(rf) Evidence From Cholangiography. Mirizzi®^ in a study of func- 
tional disturbances of the bile ducts by cholangiography stated “one 
may conclude that reflux of lipiodol into the pancreatic duct seen on 
cholangiography is far from being mechanical and passive, but is rather 
due to the active phenomenon of a current from the biliary tree flowing 
into the pancreatic tree.” He noted that at times the current seemed 
to flow in the opposite direction. 

It seems plain that this evidence of the direction of flow in the com- 
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mon channel is conflicting and inconclusive. It seems obvious that the 
direction of flow at anj'^ one instant would depend upon the relative 
pressure existing in the two ducts. It is now fairly well established that 
the secretory pressure of the liver is about 25 mm. of mercury (Nash^). 
The role of the gall bladder in this problem is unimportant because the 
maximum e.xpulsive power of the normal gall bladder is never greater 
than the secretory pressure of the liver. However, the secretory pres- 
sure of the human pancreas is not accurately known. iSIann and 
Giordano'*® have shovsm that in the dog the secretory pressure of the 
liver is less than 375 mm. of bile. Dragstedt ct al.-* found that the 
secretory pressure of the pancreas is about 570 mm. of water in the 
unanesthetized dog. The latter figure was obtained by a somewhat 
indirect method and cannot be accepted without question. The im- 
portance of this pressm-e factor depends upon the maintenance of a 
constant pressure within the turn systems or exactly parallel fluctua- 
tions in the tvm pressures. It would seem more logical to believe that 
the relative pressures and hence the direction of flow in a common 
channel would depend upon the relative state of activity of the two 
organs at any one instant, and flow in both directions might occur in 
a period of time. 

Dragstedt ei aV-^ pointed out that if a patent duct of Santorini con- 
nected the duct of Wirsung with the duodenum, the secretory pressure 
of the pancreas would be nullified allowing bile to regurgitate freely 
into the pancreatic duct. Opie®® found that the duct of Santorini 
anastomosed with the duct of Wirsung in 90% of 100 autopsy speci- 
mens. In slightly less than 50% of these cases, the opening of San- 
torini’s duct into the duodenum was functionally adequate. Since 
there is no sphincter and the duodenal end of the duct of Santonm 
and the intraduodenal pressure is low, this factor may'^ be iinportant 
in determining the direction of flow in a common channel in some 
instances. 

From this evidence we may safely conclude that the anatomic possi- 
bility of the formation of a common channel exists in a large per- 
centage of individuals, probably 60% to 70%, and that there is direct 
evidence that this does occur in a considerable number of patients w'ltn 
biliary tract disease. There is clinical and experimental evidence that 
the flow in such a channel may' occur in either direction. The relative 
incidence of the direction of flow and the factors governing it are not 
completely understood. 

Accepting these facts, let us turn our attention to the factors whicli 
may operate to establish a common channel at the ampulla of ^ 

(r) Factors Creating^ a Common Channel. 1. Stone at AmpnUn oj 
Voter. The most obvious and plausible possibility^ of the formation o 
a common channel is that established b.v Opie’s®® classic autopsy ttic 
impaction of a small biliary calculus at the ampulla of 'Fater. . 

Opie originally believed that this was the explanation of the majont' 
of cases in which the common channel theory’ could be held rcsponsib e- 
However, it was soon noted clinically that a stone was not present m 
many such cases. Thus in von Schmieden and Sebening’s®' ?cnc3_ o 
1278 cases of hemorrhagic pancreatitis collected from German clinic^' 
a gall stone at the ampulla was recorded in only 4.4 % of cases. In tni' 
country, Imllis and Plain,*” McWhorter,'** and I^wison*^ have reporte* 
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9 cases of acute hemorrhagic pancreatitis in which a stone was found 
at the ampulla in a series of 125 cases. Hence, it is obvious that this 
factor can be implicated in only a small percentage of total cases of 
acute hemorrhagic pancreatitis. 

2. Spasm of the Sphincter of Oddi. Archibald'^ suggested that the 
common and main pancreatic duct might be converted into a common 
channel by a spasm of the sphincter of Oddi, and presented evidence 
from animal experimentation to support his contention. This hypoth- 
esis arose from his observation that the sphincter of Oddi in cats was 
rarely overcome by hydrostatic pressures less than 600 mm. of bile. 
He introduced solutions containing iron into the gall bladder at pres- 
sures of 300 to 800 mm. of water and demonstrated by special stains 
that this solution had been driven into the pancreas by resistance of 
the sphincter of Oddi. In 1918, Archibald and Brow,^ continuing 
this study, substituted bile for the iron solution and concluded that 
they could produce typical hemorrhagic necrosis of the pancreas by 
reflux of bile caused only by a resistance of the sphincter of Oddi. In 
these cases spasm of the sphincter was produced by the introduction 
of hydrochloric acid into the duodenum. 

Wangensteen, Leven and Manson^® in somewhat similar experiments 
in cats stated that they had been entirely unable to produce regurgita- 
tion of bile into the pancreatic duct in the absence of organic obstruction 
at the ampulla. 

Previous to this Mann and Giordano^® questioned Archibald’s hypoth- 
esis on the basis of anatomic evidence. They pointed out that in order 
for spasm of the sphincter to form a common channel, both ducts must 
empty into a common ampulla — a condition they found in only 3.5% 
of 200 autopsy specimens— and 'that the sphincter must be located 
distal to the opening of the two ducts. They stated that examination 
of serial preparations of the sphincter in man demonstrated that this 
was not the case in most instances. They found that the usual position 
of the sphincter of the common duct was proximal to the termination 
of the duct and that the fibers of this sphincter not only surrounded 
the common duct but many of them also pass around the pancreatic 
duct, so that both ducts would be closed by spasm of the sphincter. 
They noted considerable variability in this region. In 1 case a con- 
siderable amount of the muscle tissue was distal to the entrance of the 
two ducts and partial contraction of the sphincter might have created 
a common channel. In another case all of it was distal to the duct 
orifices. 

Boyden,® studying the anatomy of the ampulla in man and in several 
species of animals, concluded that the usual arrangement is that while 
most of the fibers of the sphincter surround the common duct, the 
lowermost fibers surround the ampulla. 

Archibald’s theory has received very conclusive support in recent 
years by direct evidence obtained from postoperative cholangiography 
studies in man. This may be summarized as follows: 

In 1935 Best and Hickens’ reported that “ increased tonus and spas- 
ticity of the choledochoduodenal sphincteric mechanism” could be 
demonstrated roentgenologically by injection of radiopaque oils (lipio- 
dol) into the biliary tree tlu-ough a drainage tube in the common duct. 
This had been discussed previously under the name of “biliary dys- 
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kinesia” and various similar terms, but these authors, preferred the 
name “biliary dyssimergia,” which they defined as a physiologic ob- 
struction of the common duct. They demonstrated conclusively that 
the duct of Wirsung could be ^^sualfzed due to reflu.\- of lipiodol into it 
in a considerable per cent of cases of chronic disease of the biliary tract. 
Numerous authors have since reported studies verifjdng this work 

Colp and Doubilet^®-*® compared the incidence of reflu.x into the duct 
of Wirsung on cholangiography with that of amylase in biliary drainage. 
Thej"^ demonstrated filling of the pancreatic duct in the absence of or- 
ganic obstruction in 20% of 37 cases studied. This occurred in 7 of 
10 cases in which amylase was present in biliary drainage and in none 
of 25 cases in which it was absent. 

Leven^* studied this phenomenon in 91 patients and demonstrated 
reflux into the pancreatic duct in the absence of organic obstruction in 
16 cases, and in 5 cases with obstruction due to a stricture or common 
duct stone. 

Liedberg^® reported 50 cases in w'hich pancreatic reflux was demon- 
strated in this manner and studied the danger due to this procedure. 
He found pathologic diastasuria in 8 of 50 cases. 

Mirizzi®^ concluded from experience with this method of study that 
reflux of lipiodol into the duct of Wirsung is a characteristic roentgeno- 
graphic finding in the presence of “dystonia" (dyss^mergia) of the 
sphincter of Oddi. He considered this disturbance to be functional in 
origin in the great majority of cases. 

It is now fairly well established that when cholangiography is per- 
formed, the pancreatic duct is filled with lipiodol in about 20% of case.’. 
This direct evidence establishes Archibald’s theory of reflux due to 
spasms of the sphincter of Oddi on a basis that is difficult to refute. 
The relationship of this phenomenon to disease of the biliary tract is 
clearly demonstrated. Its implications as to the pathogenesis of pan- 
creatitis are not yet completely understood, but certain it is that here 
is a mechanism xvhich may produce reflux of bile into the pancreatic 
duct in a high percentage of patients with biliary tract disease. 

3. Edema of the mucosa of the ampulla of Vater as an etiologic factor 
in hemorrhagic pancreatitis was advanced by Balo and Ballon® in 1929- 
They presented 4 cases to illustrate that edema of the mucosa may 
occlufle the orifice of the ampulla of Vater. In 3 of the cases the edema 
was due to cardiac decompensation and in 1 to dietary indiscretion 
followed by simple catarrhal jaundice. This factor may operate in some 
cases. It lends itself less readily to experimental verification, but must 
be included as a po.ssibility. 

4, IMisceilaneous rare factors may, in isolated cases, occlude tlie 
ampuliary orifice. With these we must consider carcinoma 
ampulla of V'ater, stricture, the entrance of Ascarides into the 

(50 cases recorded by von Schmieden and Sebening*®) and 51101011 
factors. Statistically such instances are of relatively minor ctiologw 
significance. • 1 „ • 

Discussion. The so-called common channel theory of the etiology 
of acute hemorrhagic pancreatitis as an e.vpIanation for its rclationriup 
to chronic cholecystitis has been questioned by various workers. One 
of the linc.s of evidence offered again.st it has been tlie disco%'cry' iR 
autopsy of cases of hemorrhape pancreatitis in which the duct of V'W' 
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sung empties separately into the duodenum. In some of these cases 
there has been an associated chronic cholecystitis and cholelithiasis. 
Undoubted cases in which this has occurred have been reported by 
Simkins,®’^ Dardinski,-® and Rich and Duff.®^ Such criticism is cer- 
tainly valid, but it holds only for the case in question. That factors 
other than biliary reflux have caused hemorrhagic pancreatitis is un- 
questionable, but the common channel theory has not been offered as 
the cause of all cases of this disease. The occurrence of such cases 
does not constitute valid evidence against the common channel theory; 
it merely indicates that biliary reflux could not have been responsible 
for the case in question. 

Likewise, until cholangiography furnished evidence that spasm of 
the sphincter of Oddi is common in biliary tract disease, direct evidence 
that chronic cholecystitis predisposed to the formation of a common 
channel, except in a small number of cases due to a gall stone at the 
ampulla of Vater, was very scarce. It had been postulated^^ that chronic 
inflammation of the biliary tract might alter the normal function of the 
sphincter of Oddi causing spastic contraction of part or all of it, but 
direct evidence was lacking. 

The cholangiographic studies previously mentioned have produced 
some information which may raise further questions to the common 
channel theory. These studies^®'^® indicate that reflux of lipiodol into 
the pancreatic duct occurs in about 20 % of cases of chronic cholecyst- 
itis. Though the condition of the biliary tract at the time of these 
studies are made is quite abnormal, the findings suggest that reflux of 
bile into the pancreatic duct occurs in a much higher percentage of cases 
of chronic cholecystitis than does hemorrhagic pancreatitis. Thus 
Mirizzi®^ feels, as a result of his experience with this method, that “ in 
dystonia of the sphincter of Oddi one finds, on filling of the duct of 
Wirsung, that the duct is dilated and tortuous, and has a ‘ morphologic 
aspect’ which indicates repeated increased tension in the duct, both 
because of stagnation of pancreatic secretions and because of reflux of 
bile.” It is true that this is not based upon unquestionable evidence, 
but it does raise a question which should be investigated, because it 
strongly suggests that reflux of bile into the duct of Wirsung may occur 
many times without causing hemorrhagic pancreatitis. 

It should also be recalled at this time that in 30 % to 40 % of cases 
of acute hemorrhagic pancreatitis, there is no concomitant disease of 
the biliary tract. It has been suggested®^ that a large percentage of 
these eases may be accounted for by the various other etiologic factors 
previously mentioned which have been shovm to cause the disease in 
occasional cases. It is also possible that reflux of bile may occasionally 
occur in the absence of chronic biliary tract disease. This fact does not 
constitute a valid criticism of the common channel theory, though it 
has been held to do so by some authors.®® 

Further criticisms of this theory have been made, but they are con- 
cerned more with the pathogenesis than with the etiology, and they 
will be discussed under that topic. 

3. Rcflvx of Duodenal Contents Into the Pancreatic Duct. Reflux of 
duodenal contents into the pancreatic duct has been suggested by 
several authors as a cause of acute hemorrhagic pancreatitis. Williams 
and Busch'®-'® thought that passage of a stone through the common 
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duct might leave the ampulla in such a state of atonic dilatation timt 
duodenal 'contents might regurgitate into the pancreatic duct. Evi- 
dence in favor of this theory is the fact that cases have been reported 
by Dardinski,*® Opie and hleakins ” and Simkins/'' in which there’ was 
a hemorrhagic necrosis of the pancreatic parenchjma confined to tlie 
area drained by the duct of Santorini. In light of our present knowl- 
edge, such cases strongly suggest that regurgitation of duodena! con- 
tents into the accessory duct was responsible. Grant®’ suggested that 
since the orifice of the duct of Santorini is not protected by a sphincter, 
succus entericus might be forced into this duct by violent A’omiting or 
rcA'erse peristalsis. Dragstedt-^ criticized this idea for two reasons. 
He states that Pearce show'ed that it is nearly impossible to force colored 
fluid from the duodenum into the common duct or the pancreatic ducts. 
He also believes that, in vomiting, the increased intra-abdominal pres- 
sure wmuld be transmitted equally to the pancreatic duct and the duo- 
denum, and that therefore no pressure difference would result. This 
wdll be discussed further under pathogenesis. 

4. Pancreaiiiis Due to Obstruction of the Pancreatic Ducts.— Severn] 
authors®-®®-®®-^’®' have suggested that simple obstruction of the pan- 
creatic ducts, with damming back of pancreatic juice might result in 
hemorrhagic pancreatitis. It Avas usually felt that this Avould I)C 
more likely if there AA’ere bacterial proliferation in the retained 
secretions. 

Rich and Duff®’ are the most recent adA'oeates of this theory, hut 
they have discarded the necessity of bacterial infection. They hold 
that epithelial metaplasia in the duct system is the most common cause 
of obstruction and present autopsy evidence in support of this conten- 


tion. These workers in an analysis of 24 cases of hemorrhagic pancreat- 
itis at autopsy concluded that, in their experience, evidence of retrojcc- 
tion of bile AA’as rare. They also stated that proA’en cases in the litera- 
ture are scarce. They Avere able to demonstrate epithelial metaplasia 
in the ducts of 13 of 24 cases of hemorrhagic pancreatitis in routine 
sections and in 18.0 % of 150 conseciitiA'e specimens examined by routine 
sections. From their inA-estigations they concluded that “the majority 
of cases of hemorrhagic pancreatitis result from partial obstruction to 
the outfloAv of secretion, causing distention and rupture of acini ami 
ductules behind the point of obstruction AA'ith resulting escape of pan- 
creatic juice into the interstitial tissue. The rupture of dilated and 
thinned-out acini is particularly likely to occur during periods of in- 
creased pressure AA'ithin the system, resulting from stimuli AA-hich greatly 
increase the production of secretion ” (c. g., a large meal or the ingestion 
of alcohol). They felt that the fundamental ctiologic factor is the 
release of pancreatic juice into the tissues flue to rupture of ductuk-s and 
acini incident to partial or complete obstruction of the pancreatic duet'- 
They considered that this obstruction, in the majority of ca.ses, is due 
to epithelial metaplasia AA’ithin the ducts ami ductules. They con- 
ceded that retrojection of bile might be an occasional cau.se of hemor- 
rhagic pancreatitis, but only AA’hen this results in rupture of ductules 


and acini. . 

That rupttire of the fiuctules and acini may be a ncces.sary factor liu' 
been supported by a fcAv authors;®® that epithelial metapla.sia i- tho 
common ctiologic factor has been either disregarded or doiibtcii u’ 
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subsequent literature dealing with the subject. In discussing this, 
Lewison^^ stated that “Yotuyanagi (1937), in an exhaustive study, 
found epithelial metaplasia in 64% of normal specimens of pancreas. 
The frequency of this condition and the infrequency of hemorrhagic 
pancreatitis would oppose the premise of Rich and Duff.” 

Wangensteen et aU^ reported that in one series of experiments they 
were unable to produce hemorrhagic pancreatitis by simple ligation of 
the duct, but when this was done and pilocarpine was injected subcu- 
taneously they produced hemorrhagic pancreatitis in 3 cats. 

R. Comhinaiion Faciors in the Etiology of Hemorrhagic Pancreatitis. 
That a combination of factors, each of which is incapable of producing 
the disease alone, may often be responsible for producing hemorrhagic 
pancreatitis has been emphasized by Wangensteen et Dragstedt 
et Ljmeh,^® McWliorter"*® and Lewison."*^ 

We have seen that the typical clinical and pathologic picture of 
hemorrhagic pancreatitis may result from a number of different etiologic 
factors. Thus infection, trauma, vascular accidents such as thrombosis, 
embolism, and rupture of vessels, reflux of bile and duodenal contents 
into the pancreatic duct have all either been proven to be cause of the 
disease, or have been implicated on the basis of clinical and experimental 
evidence as the primary etiologic factor. It also seems certain that in 
some cases a combination of these factors have operated to produce the 
disease. It is important to learn whether these diversified factors all 
operate through activation of a single mechanism, or whether different 
mechanisms are called into play to produce the ultimate effect. 

V. The Pathogenesis of Hemorrhagic Pancreatitis. A. Pathogenesis 
of the Local Lesion. 1. The “trypsin theory.” Since this pathologic 
picture occurs only in the pancreas and since varied etiologic agents 
are known to produce the same final result, it seems inescapable that 
some factor inherent in the pancreas is activated by various etiologic 
agents in such a way that it produces the lesions found in the organ. 
Because this gland secretes a digestive fluid that contains powerful 
enzymes capable of digesting all of the three great classes of food sub- 
stances, it is logical to expect that one or all of these enzymes might be 
the destructive agent activated. Early -workers®® consider- 
ing the problem of pathogenesis, pointed out that while the starch- 
splitting and fat-splitting enzymes are secreted in the active form, 
trypsin, the powerful proteolytic enzjnne, is secreted in the form of an 
inactive pro-enzyme and is activated in the duodenum by a specific 
activating enzyme secreted by the duodenal mucosa. These workers 
reasoned that such an arrangement must have been produced to prevent 
digestion of the pancreas by its own secretion. Because of these facts, 
it was accepted for many years that all etiologic factors produced the 
local lesions by intraglandular activation of trypsinogen, and that the 
powerful proteolytic ferment trypsin then digested the parenchyma of 
the gland. 

This view was accepted almost without question until 1934, when 
Dragstedt, Hajmond and Ellis-^ questioned it on the following basis: 
1. “Since cell membranes are known to be composed largely of lipoids, 
should we not expect more destruction of cells from lipase than from the 
protein-splitting trypsin?” 

2. The current concept of enzymes is that they are merely catalysts. 
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the local necrotizing effects of bile and bile salts than most other 
tissues. To explain this increased susceptibility these workers as- 
sumed that it is probably in some way dependent upon the fact that 
the pancreas secretes enzymes capable of digesting all three classes of 
foodstuffs. 

Since it is well established that the onset of hemorrhagic pancreatitis 
commonly occurs after a heavy meal when pancreatic secretion is maxi- 
mal, and many workers have noted the production of the disease in 
animals by the injection of bile into the pancreatic ducts, these authors 
felt that pancreatic enzymes must facilitate the cytolytic action of the 
bile salts. Flexner^® had shown that the destructive action, of bile salts 
is inhibited by mucous and other colloid substances. Dragstedt et al. 
stated that it had been proven that normal serum protein protects red 
blood cells from the hemolytic action of bile salts, and that the protec- 
tive property of the protein is completely destroyed by tryptic digestion. 

On the basis of these facts Dragstedt, Raymond and Ellis-'* offered 
the following as a plausible explanation for the production of hemor- 
rhagic pancreatitis by bile. Regurgitated or injected bile spreading 
through the duct sj’-stem comes in contact with the cells of the pancreas 
and, due to the irritant action of the bile salts, parenchymal cells are 
injured and an exudate of serum or even frank hemorrhage occurs. 
"The initial attack of bile is repulsed”^* by the protein of the exudate. 
Since these protective proteins are dead they are immediately attacked 
by the trypsin and polypeptidase of the pancreatic juice and by their 
digestive action bile salts are freed for further tissue destruction. 
These authors stated their conclusions on this matter largely in the 
form of questions; making clear that they were merely presenting an 
hypothesis. The questions are stimulating and the idea is well sup- 
ported by the evidence cited, but it has certainly not been proven. It 
is well to recall at this time that these authors criticized the trypsin 
theory because there was no evidence that bile can activate trypsinogen, 
yet they have discovered no other means of activating it. 

Moreover, we must remember that this can conceivably account for 
only those cases in which reflux of bile can occur. At best this mechan- 
ism could account for no more than from 60 % to 70 % of the cases of 
hemorrhagic pancreatitis which occur in man. Proven cases due to 
infection, trauma, vascular damage, etc., as previously stated, have 
occurred. Likewise authenticated cases in which the common and pan- 
creatic ducts open separately into the duodenum, and cases in which the 
lesion w^as limited to the area drained by the duct of Santorini have been 
reported. Dragstedt, Raymond and Ellis recognized this and state 
that these factors are probably responsible for the 30 % to 40 % of cases 
in which bile could not be an etiologic agent. RoAvever, thej- have 
offered no statistical evidence for the statement, and they make no 
mention of the pathogenesis in these cases. If their theory is correct, 
are we to accept that some similar agent, aided possibly by trypsin, 
substitutes for bile salts in these cases? A comparable agent would be 
difficult to imagine in cases of arterial or venous thrombosis or embolism, 
or of direct trauma to the gland. 

Experimentally acute hemorrhagic pancreatitis has been produced in 
animals by the injeetion of hydrochloric acid, sulfuric acid, sodium hy- 
droxide, formaldehyde and a great variety of irritant substances.^^-^^-" 
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These agents may be considered comparable to bile salts, but these 
experiments are hardly applicable to the condition in man. The e.xperi- 
mental production of the condition by the injection of active tr.N-psin 
cannot be lightly dismissed in this consideration. Polya,®* in an e.xcel- 
lent study, reported that the intraductile injection of commercial tr\p- 
sin in concentrations varying from 0.25% to 6% regularly produced 
the typical picture of the disease. This did not occur if comparable 
amounts of a solution inactivated by heat was used. Dragstedt. 
Haymond and Ellis noted that this and other similar studies had been 
criticized on the basis that the amount of solution used would trauma- 


tize the gland. Seeking to control this factor they injected .3 cc. quan- 
tities of active pancreatic juice into 3 dogs and failed to produce the 
lesion. It is pertinent here that few, if anj', workers have produced the 
lesion with as little as 3 cc. of bile, but Polya felt that he had done so 
with 2 cc. of trypsin solution. In regard to the factor of the volume of 
solution, Flexner*®“ injected 16 cc. of blood into the pancreatic duct of 
a dog without effect and Rich and Duff®- injected 10 cc. of trypan Iduc 
and of India ink without producing the lesion. Rich and DufP* have 
confirmed the fact that intraductile injection of trypsin will produce the 
lesion in dogs. Since trypsin has been shown to be capable of producing 
the lesion alone on injection into the pancreatic duct, it certainly seem 
unwise to relegate it to the status of a secondary factor when bile 
regurgitates into the pancreatic duct. 

Rich and Duff®- conducted an investigation of the pathogencai.s of 
hemorrhagic pancreatitis which did much to reestablish the trypan 
theory. In their autopsy study of 24 cases of acute hemorrlnigic pan- 


creatitis these workers concluded that they could demonstrate a con- 
stant and specific vascular lesion in the pancreas which was^ often 
indistinguishable from that seen in the kidney in cases of malignant 
arteriolar nephrosclerosis. This lesion is described in detail in their 
publication. It consists essentially of local necrosis of the wall of 
arteries and veins involving principally the adventitia and media.^ 'Ibc.'’ 
then produced acute hemorrhagic pancreatitis in dogs by the injection 
of bile in 1 case, and of pure trypsin in 2 others. They concluded from 
microscopic study of the tissues that the same vascular lesion occurred 
in the pancreas of all 3 of the dogs and that it was indistinguLshab'e 
from that seen in human cases. Believing that this was rlue to tbe 
direct action of trypsin on the vessel wail they injected 1 cc. of a soi»- 
tion of crystalline trypsin into the subcutaneous tissue of the abdoinmid 
wall of 5 (logs. They found this characteristic vascular lesion con- 
stantly present in the vessels of the subcutaneous ti.ssue in tbe area 
of the injection. The lesion did not occur if the trypsin was licated, or 
if it was diluted 1 to 16 with saline. The injection of 1 or 2 cc. o 
sterile gall-bladder bile produced local tissue edema but no vascular 

necrosis or ' ■ b.' T''-y then injected .sterile inactive pancreatic 

duct juice, < i .:!■■■ ~ from the duct after stimulation of the 

pancreas, into the subcutaneous tis.sue and found that this prodiiw 
the same lesion. From this they concluded that the vascular lesioa 
was due to the direct action of tr\*p3in on the vessel wail and that thi- 
c-ould be produced by pancreatic juice containing inactive trypunngen- 
The latter finding, they thought, might be e.vpiaincd either by the >a'‘ 
that the pancrea.s may secrete acfii'e tryp-in under certain c-niidition- 
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or that the activation of trypsinogen was initiated by the calcium of 
tissue fluids and carried on by products of tissue breakdown. From 
this and previously quoted etiologic investigations they concluded that 
“aside from the rare instances of primary rupture or occlusion of the 
pancreatic blood-vessels, hemorrhagic pancreatitis occurs only as a 
result of the disruption of the duct — acinar system with consequent 
escape of the secretion into the interstitial tissue of the gland.” “If 
the escaping juice is rich in tryptic ferment and it comes into contaet 
with arteries and veins, their wall will be destroyed, and extensive or 
localized hemorrhage will occur depending upon the size of the affected 
vessels.”®^ They felt that the widespread destruction of tissue seen in 
some cases is due to hemorrhage into the tissue and need not be blamed 
entirely upon the destruction of the parenchyma by trypsin. 

Since this work was presented, but few additional studies of this 
aspect of the problem have appeared in the literature. These authors 
have presented very convincing evidence for the belief that trypsin is 
responsible for the local lesion, but it has not been recognized by all 
authorities who have subsequently written about the subject. A large 
portion of their work depends upon the interpretation of findings of 
microscopic examination of tissue, and as such, it should be confirmed 
before it can be completely accepted. Weiner and Tennant’®“ found the 
vascular lesion described by Rich and Duff in some of the slides from 
the autopsies they reviewed. Smyth®^“ found the so-called “trypsin 
lesion” in slides from 11 of 40 autopsies. He produced focal necrosis 
of the pancreas by injecting mercury into the artery to the pancreas, 
and found this lesion in 50% of the animals. From his study of this 
result he stated that the lesion was “ limited strictly in all cases to the 
area of the infarct.” He felt that this indicated that this lesion “is a 
result of or concomitant with the disease; it is not of etiologic signifi- 
cance.” 

It has been shown within recent years that small amounts of trypsin 
will coagulate blood, probably acting largely by converting protlu-ombin 
to thrombin, while larger amounts will produce the opposite effect by 
digesting fibrin.^'*" This may be the explanation for the frequent finding 
of venous thrombosis at autopsy and an additional factor in the marked 
tendency to local hemorrhage which is so characteristic of the disease. 
Further implications of this information in the pathogenesis of the 
disease in question would at the present time be pure speculation. 

Popper and Necheles®® have recently reported some findings which 
should be considered at this time. These authors injected liver bile, 
gall-bladder bile and olive oil into the pancreatic ducts of animals in 
amounts varying from 0.1 to 3 cc. They found that in all cases a 
marked interstitial edema of the gland occurred very rapidly, and that 
a bloody exudate appeared in the abdomen within 1 hour. This oc- 
curred in 1 animal after the injection of as little as 0.1 cc. of bile. 
iSIost significant in this study is the fact that they could demonstrate 
a high concentration of amylase and lipase in the subcapsular edema 
fluid and in the exudate. It is unfortunate that trypsin was not in- 
jected because without that information the picture is incomplete. 
They did not produce hemorrhagic pancreatitis in any of these animals, 
but they did show that amylase and lipase had diffused out of the pan- 
creatic ducts into the interstitial tissue and into the peritoneal ca^^ty 
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in appreciable amounts. Were this true also for trypsin, one would 
expect that in diffusing outward this enzjmie would have come in 
contact with vessel walls. The series of animals is too small and tlic 
studies are not sufficientlj^ complete to provide any definite information 
which can be used in interpreting the work of Rich and Duff.®- How- 
ever, it does suggest a method which should be of value in further 
investigating this problem. 

. In summary, we can say that -vv'hile the pathogenesis of the local 
lesion of acute hemorrhagic pancreatitis is not settled beyond question 
it appears that the release of active trypsin into the interacinar tissue 
is the factor of primary importance. If trypsin comes in contact with 
the wall of a blood-vessel it causes a local necrosis of the wall. Tin's 
predisposes to hemorrhage, wdiich furthers the process by damaging 
tissue and releasing more trypsin. 

The criticism of this theory, offered by Dragstedt cf ciL, that no 
means for the activation of trypsinogen has been provided, and that 
there is no evidence that trypsin will damage living tissues seems to 
have been adequately answered by Rich and Duff’s studies. This work 
has not yet been completely confirmed and hence cannot be accepted 
unreservedly, but as yet no serious objection has been raised to it. 

Having considered the pathogenesis of the local lesion in acute 
hemorrhagic pancreatitis, let us now turn our attention to the available 
evidence bearing upon the cause of death in hemorrhagic pancreatitis. 
Here again we find that the principal contribution to knowledge of this 
problem has come from Dragstedt, Hajnnond and Ellis,-^ who have re- 
\dewed the literature on the subject up to 1934. Their work forms the 
basis of the followdng discussion, with additional data inserted where 
pertinent. 

B. The Cause of Death in Acute Hemorrhagic Pancreatitis. 1. It lui-’ 
been agreed by practically all authors that the systemic picture pro- 
duced by acute hemorrhagic pancreatitis is one of a very severe toxemia. 
Except for Egdahl’s-® demonstration that extracts of necrotic pancreas 
are extremely toxic to animals, there is no direct evidence to support 
this statement. Dragstedt and his cow'orkers-^ felt we are probably 
justified in accepting the presence of a toxemia on the basis of venned 
clinical opinion because it has rarely been possible to demonstrate tiie 
presence of a circulating toxin in animals or in man. 

Various authors have presented evidence that the toxic agent might 
be the trypsin contained in pancreatic juice, the products of autolysis 
or digestion of the pancreatic parenchyma, or bacterial toxins elalio- 
rated by bacteria proliferating in the necrotic pancreas. 

Dragstedt, Raymond and ElHs-^ reviewed the experimental evidence 
which had been offered in support of these theories, and condiietei 
extensive experiments in an attempt to solve this problem. 

Sweet'*’ reported a series of experiments in which he comparc<l tlie 
toxicity of non-protcolytie and proteolytic pancreatic juice. He re- 
ported that his results confirmed the findings of earlier workers that 
non-protcolytic pancreatic juice was innocuous on intraperitoncal injec- 
tion into animals hut the injection of a comparable volume of pan- 
creatic juice activated by succiis entcricus produced severe toxemia 
and death. He also demonstrated that intravenous injection of a 
mixture of pancreatic juice and succus cntericus produced the 
of “pancreatic poisoning and death,” hut the inactive juice was innocn- 
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ous. On the basis of this finding, Sweet^® felt that much of the systemic 
picture of acute hemorrhagic pancreatitis might be attributed to tlie 
systemic absorption of trypsin. Dragstedt et criticized these and 
the earlier experiments, on the basis that the factor of bacterial con- 
tamination had not been adequately controlled. They injected 50 cc. 
of contaminated active pancreatic juice intraperitoneally into 1 dog 
and it died in 24 hours with no evidence of fat necrosis. Active pan- 
creatic juice was sterilized by passage through a Berkefeld filter. This 
solution was injected into the peritoneal cavity of 3 dogs in amounts 
varying from 170 to 110 cc. No toxemia of fat necrosis occurred and 
the animal lived. This experiment was repeated using a large series of 
mice with the same results. From these results they believe that the 
toxemia of acute hemorrhagic pancreatitis could not be explained on 
the basis of the absorption of pancreatic enzymes from the peritoneal 
cavity. 

The evidence for the belief that the absorption of toxic products 
formed in the autolysis or digestion of the pancreas might be the toxic 
agents in question consisted of experiments in which transplantation of 
the pancreas of 1 animal into the peritoneal cavity of another under 
strictly aseptic conditions resulted in toxemia and death of the donor 
animal.’'*’’’'^ 

Dragstedt, Raymond and Ellis^^ questioned these results because 
here too, despite aseptic precautions, the factor of bacterial contamina- 
tion had not been ruled out. Tower’^ had reported that she had suc- 
cessfully cultured bacteria from the normal pancreas in 15 of 16 dogs. 
Dragstedt and his coworkers verified this finding by obtaining positive 
cultures in 76% of 17 normal glands. These authors then repeated the 
transplantation experiments and 12 of 18 animals died. In 11 of the 
12 animals that died they were able to culture an anaerobe “resembling, 
if not identical with B. wdchii,”^^ from the peritoneal exudate present. 

Sterile fetal pancreatic glands were transplanted into 1 dog with no 
ill-effects. They then autoclaved 4 glands and implanted them in the 
peritoneal cavity of 4 animals. The animals lived, and no evidence of 
systemic toxemia appeared. Muscle, liver and pancreatic tissue was 
sterilized and digested in vitro by sterile pancreatic juice. The toxicity 
of the sterile digestant mixture was compared with a similar contami- 
nated digestant mixture by intraperitoneal injection in mice. It was 
found that the sterile digestant mixture uniformly produced no toxic 
effects, while in the majority of cases, the contaminated mixture 
was fatal. 

From the results of this investigation these authors concluded that 
they had been unable to support the view that various fractions result- 
ing from the digestion of the dead pancreas by activated pancreatic 
. juice was responsible for the toxemia of hemorrhagic pancreatitis. 

They then conducted Avhat they considered to be an almost crucial 
experiment by implanting a sterile mixture of ground autoclaved pan- 
creas and sterile activated pancreatic juice into the peritoneal caxdty. 
No toxemia resulted. They felt that they had “proved conclusively 
that neither activated pancreatic juice nor the products resulting from 
digestion of dead pancreas within the abdomen by pancreatic juice are 
sufficiently toxic to produce the picture (of acute hemorrhagic pan- 
creatitis) when bacteria commonly found in the intact pancreas are first 
removed.”-^ 
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2. The Role of Bacteria. From the experiments summarized above, 
Dragstedt, Haymond and Ellis-^ felt that “these bacteria are in some 
way necessary for the development of a toxemia in pancreatic necrosis.” 
Though the nature of the toxic substances is unknown, these workers 
state that “it seems probable that the major amount of responsible 
poisons will be found among the relatively large group of to.xic organic 
bases that are known to be produced from the decomposition of protein 
or of protein-split products by bacteria or their proteolytic enz.\Tnes.”’^ 

Turning to the clinical literature these authors could find little posi- 
tive support for this conclusion. They cite 3 cases reported in the 
literature in which a similar anaerobe was cultured. They felt that 
the current opinion that cases of acute pancreatic necrosis are sterile 
in man was due to failure of adequate careful bacteriologic studies, and 
suggested that such studies would contribute valuable information. 

The status of the factor of bacteria in the clinical literature may be 
revdewed briefly at this time. 

In the analysis of their questionnaire-eollected data on acute hemor- 
rhagic pancreatitis, von Schmieden and Sebening®^ reported that of 
184 cases studied by cultrue, 103 were positive and 81 were negative. 
This is difficult to evaluate because of the nature of the study. Of 10 
of their own cases, only 1 was positive and this may have been a con- 
taminant. Except for isolated cases reported occasionally,_ other 
statistical studies previous to the work of Dragstedt et al."* contain very 
little evidence, positive or negative, bearing upon this question. Thus 
this factor is not even included in the series of 232 cases of Eliason and 
North^® because data were not available. 

Since this hjqjothesis of the essential part played by bacteria in 
producing the toxemia of hemorrhagic pancreatitis was reported, num- 
erous authors have presented similar series of cases but none of them 
has contained an accurate, thorough bacteriologic study, so far as I can 
find. Most of the studies report that cultures had been taken in a small 
percentage of cases, and usually less than half of these were positive. 
Rich and Duff®- and others^®'®'" have stated that bacteria are not com- 
monly seen on microscopic examination of sections through the necrotic 
areas of the pancreas in cases of this disease. Such studies as have been 
made have usually not included both aerobic and anaerobic cultures and 

their significance bearing on the point in question is consequently .slight. 

Some additional evidence in regard to the toxicity of the hemorrhagic 
exudate present in the peritoneal cavnty should be considered. Wnppl® 
and Goodpasture"® reported the hemorrhagic exudate found in the 
peritoneal cavity to be non-to.xic. Ireneus^® confirmed this finding m 
experimental animals. He produced hemorrhagic pancreatitis in dogs 
and injected 1.5 and 30 cc., respectively, of the peritoneal e.\'udate intra- 
venously in dogs with no evidence of toxicity. He injected 2 to 3 cc. . 
intraperitoneally in each of 10 white mice with the same results. 

Popper®® has shoum that this exudate contains considerable amounts 
of amylase and lipase, but unfortunately it has not been analyzed for 
trypsin. However, this finding might also cause some que-stion of the 
basic hypothesis that toxemia is a result of absorption of “proteinopnoii.- 
amines” resulting from bacterial proliferation. Since this fluid is largel.' 
if not entirely formed by diffusion outwarrl from the pancreas^® it shoiilj 
be e.xpcctcd to contain such toxic .substances picked up as it escapw • 

Dragstedt and his coworkers®* seem to have shoum conclusively tha . 
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in the absence of bacterial contamination, the presence in the peritoneal 
cavity of proteolytic pancreatic juice, of autolyzing pancreatic tissue, 
or of the products released by the digestion of pancreatic tissue by 
pancreatic enzyme, will not produce marked'systemic toxemia in other- 
wise normal dogs. This evidence has cast serious doubt on the theories 
that the systemic effect of acute hemorrhagic pancreatitis in man may 
be explained by the absorption of trypsin or of protein-split products 
resulting from enzymatic digestion of pancreatic tissues. 

At the present time, we see that there is very little direct evidence 
to support the alternate hypothesis proposed by Dragstedt and his co- 
workers. The experimental work reported by these authors furnishes 
only indirect evidence to support their conclusions, and for this reason 
they have proposed it only as an hypothesis. The factor of bacterial 
contamination certainly seems to have been established in their animal 
experiments, but there is little basis for its application to clinical cases. 
Direct evidence is not available to refute this hypothesis as offered, but 
it has certainly received no support from subsequent studies of the 
disease. A careful autopsy study in which both aerobic and anaerobic 
cultures are taken from necrotic foci in the pancreas is necessary to 
verify or refute the belief that toxic products produced by the prolifera- 
tion of bacteria in necrotic foci in the pancreas is responsible for the 
systemic toxemia seen in the disease. It seems probable that there is a 
systemic toxemia in addition to the local lesion in cases of acute hemor- 
rhagic pancreatitis but at the present time its nature and mode of origin 
of the toxic agent is unkno'wn. The solution of this problem, which is 
probably essential if we are to reduce the high mortality of the disease, 
demands further investigations. 

Summary. In summary we may say that the causes of acute 
hemorrhagic pancreatitis are varied and that many different factors may 
occasionally precipitate the disease. The most common cause is prob- 
ably the reflux of bile into the pancreatic duct; most authors agree with 
Dragstedt, Haymond and Ellis^"* that this may be held responsible for 
about 60% of cases seen in the clinic. Of these, in possibly 10%, a 
common channel may be formed by lodgment of a small biliary calculus 
at the ampulla of Vater. In the majority of cases the common channel 
is created by spasm of the sphincter of Oddi, c. g., biliary dyssynergia — 
incident to chronic disease of the biliary tract. Edema of the mucosa 
of the ampullary orifice and various factors may occasionally operate 
to create a common channel. Other factors such as vascular damage 
due to rupture of vessels, embolism or thrombosis, infeetion by various 
routes, and direct trauma are said to be responsible for at least a con- 
siderable portion of the remaining 30% to 40% of clinical cases. It 
has been held that anything increasing the pressure in the pancreatic 
duct to the point where ductules and acini are ruptured will produce 
this effect.®' There is some evidence that this may be due to simple 
occlusion of the pancreatic duct with subsequent strong stimulation of 
pancreatic secretion. 

The pathogenesis of the local lesion is not completely settled. The 
principal controversial point is whether or not trypsin acting alone may 
produce the lesion by causing necrosis of blood-vessel walls and hemor- 
rhage into the tissues; or whether, in cases of biliary regurgitation, bile 
salts by virtue of their cytolytic action are the fundamental factor in 
the production of the local lesion and that their destructive effect is 
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maintained by the action of trypsin on the protective protein of the 
inflammatory exudate. The bulk of the evidence seems to support the 
belief that the release of trypsin and its precursor into the interstitial 
tissues of the pancreas is the essential factor and that anything causing 
this to occur to a sufficient degree may cause the local picture. 

Regardless of the pathogenesis of the local lesion, once it is present 
a profound toxemia results which is usually fatal. The nature of the 
toxic substance or substances is not knowm. It has been shmni fairly 
conclusively that the toxemia is not due to the systemic absorption of 
elements present in activated pancreatic juice from the peritoneal 
cavity. There is excellent evidence to indicate that it is not due to the 
absorption of the products of autolysis or of enzynnatic digestion of the 
dead pancreas, as has been the common concept for many years. It 
has been suggested on the basis of some indirect evidence that absorption 
of proteinogenous amines, formed by the proliferation in the necrotic 
tissue of bacteria present in the normal gland, is responsible for the 
toxemia.'^ This is not supported by the meager clinical evidence avail- 
able but it cannot be denied at the present time. The solution to this 
problem may be the key to the existing high mortality of the disease. 
Further laboratory and clinical studies are clearly indicated. 

Ralph Jones, Jn. 


Author’s Note. — Dragstedt, Haymond and Ellis*' have presented a verj' com- 
prehensive e.vpcrimcntal study of this problem together with an excellent review ot 
the literature to 1934. Rich and Duff'* have reported an extensive study in 1930 
and Lewison" has reviewed the literature to 1940. These papers should be con- 
sulted by any who care to pursue the subject further. 
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ANGIOID STREAKS OP THE FUNDUS OCULI 

Any consideration of the subject of angioid streaks falls rather natur- 
ally into two periods, that before and that after 1929, the year in which 



302 


PROGRESS OF MEDICAL SCIENCE 


Groenblad® called attention to the association between angioid streaks 
and pseudoxanthoma elasticum. In the 40 years bebs'een 1889, when 
the first case was reported by Doyne,’ and 1929, the available literature 
is concerned principally with case reports and theories as to the nature 
and origin of the streaks along with histopathologic descriptions of a 
few poorly authenticated cases. A total of 60 reported cases was col- 
lected by Holloway'^ in 1927. More than twice this number of cases 
have been reported since 1929; 139 cases collected by Scholz’^ in 1941. 
Discussions during this second period have centered around the clinical 
relationships between angioid streaks, pseudoxanthoma elasticum, and 
osteitis deformans (Paget’s disease) and the attempt to establish, 
through histopathologic studies, the systemic nature of the disease. 

It is probably safe to say that, in spite of the rather considerable 
literature that has accumulated on this relatively rare condition, there 
has not been advanced as yet any explanation of the disease which has 
received universal acceptance. The uncertainty of the various observ- 
ers from the ophthalmoscopic standpoint is attested by the numerous 
theories of the location and nature of the angioid streaks themselves. 
Holloway*^ listed a number of these w'hich had appeared before 1927. 
Goedblad® classified the theories under four headings according tor 
whether they attempt to explain the streaks as products of the meta- 
morphosis of hemorrhage, as anomalous or new-formed blood-vessels, 
as folds, or as ruptures of various layers of the retina or choroid. Hollo- 
way'’ himself %vas inclined to consider Collins’ explanation the most 
logical, i. c., that the angioid streaks were produced by the deposition 
of hematogenous pigment, derived from repeated subchoroidal hemor- 
rhages, in the perivascular spaces of the short ciliary arteries of the 
Circle of Zinn and of the branches proceeding from it. Indeed some 
form of the primary hemorrhage theory was favored by most of the 
authors prior to 1929. And as late as 1938, Clay® stated that he had 
observed the development of angioid streaks in the area of a previously 
noted hemorrhage in the choroid. However, the general tendency 
today is to agree with the opinion of Groenblad that there is more 
evidence to support the view that hemorrhages occur after and not 
before the development of the angioid streaks. 

Some authors have advanced the xdew that the streaks are not 
“angioid" but are actually vessels. According to Holloway, Oeller 
regarded them as retinal vessels and Schrader believed that they repre- 
sented an anomalous arterial circle around the optic disk. Tlie two 
most recent supporters of the vascular nature of the streaks have been 
Clay® and Wassenaar." Originally (1932), Clay® expressed the opinion 
that the streaks were short posterior ciliary %'eins, questionably anoma- 
lous, wliich had become thrombosed mechanically as a result of tho 
increase of the fibrous tissue in the sclera with advancing age or m 
association with the degeneration of the elastic tissue of the sclera m 
patients with pseudoxanthoma elasticum. Later (1938) he seems to 
liave adopted the vdew that some at least of the streaks may 1)0 nev- 
formed vessels since he stated, as noted above, that he had watched a 
streak dc\'cIop at the site of a hemorrhage and since he offered in support 
of hi.-i cxincepi of the nature of the streaks a personal communication 
from Reese’® stating that he had observed in a microscopic section of an 
eve said to show angioid streaks ophthalmoscopically, a dehiscence in 
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a thickened lamina vitrea and over this, between the choroid and the 
retinal pigment epithelium, a fusiform-shaped fibrous plaque containing 
a blood-vessel (presumably new-formed). Clay states that the streaks 
must be blood-carrying channels since, when they are not too heavily 
pigmented, they can be made to disappear by pressure on the globe. 
On the other hand, as stated by Hughes, “ an observation of Spicer’s 
seems to prove definitely that the streaks do not represent a patent 
system of blood-vessels. In Spicer’s case one of the streaks was inter- 
rupted by an area of complete atrophy of the choroid in which the sclera 
was visible and through which no connection could be traced between 
the distal and proximal portions of the streak. Wassenaar maintained 
that the peculiar course and branchings of the streaks could be explained 
only on the basis that they were actually vessels. He expressed the 
opinion that a congenitally weak or degenerated lamina vitrea might 
allow the penetration of vessels from the choroidal or posterior hyaloid 
system between the retinal pigment epithelium and the retina proper. 
The walls of such abnormally placed vessels would be especially vulner- 
able to injury or disease. 

In evaluating any theory or explanation of the nature and origin of 
the angioid streaks, it must be remembered that, while the streaks are 
the most outstanding or diagnostically characteristic feature of the 
disease, yet there are ophthalmoscopically visible evidences that the basic 
lesion affects the tissues of the choroid and retina diffusely and certainly 
disproportionately to the number and extent of the streaks. Thus 
Groenblad calls attention to the characteristic changes in the macula 
and in the periphery of the choroid. In the macular region the earliest 
changes observed seem to be pigmentary disturbances resembling the 
punctate or granular myopic or senile degenerations of the macula. 
Later, hemorrhagic extravasations may take place. Still later transu- 
dative or exudative masses may develop associated with surrounding 
or irregularly placed hemorrhagic areas. The last stage is that of scar 
formation with atrophy of the choroid and pigment and connective 
tissue proliferation. One or more foci of choroiditis may be seen in 
extramacular locations in some cases. Occasionally retinitis circinata- 
like lesions may be seen. Often angioid streaks may be visible running 
into or under the macular scar. In the peripheral parts of the fundus, 
often especially temporal to the macula, there is characteristically a 
pigmentary degeneration of the choroid or retina gi^dng rise to a rough 
granular mosaic-like appearance made up of a mixture of light gray, 
reddish, and brown or black spots. The angioid streaks do not extend 
into these zones of pigment degeneration. Commonly there is a gray- 
ish or yellowish-white zone around the optic disk with a bordering in- 
completely circular angioid or pigment streak. According to Groenblad, 
the streaks may be narrow and dark or broad and red and may vary in 
size in the same eye. In color they may vary from red to brown, gray 
or black. In an individual case, the streaks may change in color in the 
course of months or years, becoming either darker or broader and 
brighter, and may develop gray or white sheathing. They may increase 
in length or number. In some cases they maj’’ tend to disappear. 

Proponents of the theory that angioid streaks are the ophthalmoscopic 
nuxnifestation of folds in the retina or choroid are able to explain the 
difluse lesions associated with the streaks on the basis of the primary 
pathology resulting in the secondary formation of the folds. But they 
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fail to account for the fact that the streaks appear to be an early rather 
than a late feature of the disease process. VerhoefF'’ and hare 
presented histopathologic demonstrations of the presence of “folds” in 
eyes with angioid streaks. Verhoeff stated : “ Microscopic axamination 
of the eye showed the streaks to be ridges comprising the inner layers 
of the choroid, produced by cicatricial contraction of fibrous tissue which 
had replaced the deeper layers. The fibrosis involved almost uniformly 
about one-half the total extent of the choroid and was associated with 
extensive obliteration of the vessels and a few subchoroidal hemorrhagic 
extravasations. The cause of the fibrosis is obscure, but the most proi)- 
able one would seem to be slowly progressiv'c vascular obstruction 
limited to the affected area. Recurring hemorrhages within the choroid 
probably plaj" a more or less important part in the process. To explain 
the vascular obstruction, the possibility of a congenital disturbance or 
defect in the innervation of the choroidal x'essels is suggested. As a 
descriptive designation for the condition the term fibrosis choroidea: 
corrugans is suggested.”® 

In the opinion of Laxv,*'* angioid streaks are produced, in some cases 
at least, by a plication of the retina xvith an accumulation of pigmentary 
debris in the space formed between the rods and cones and the retinal 
pigment epithelium. In microscopic sections of an eye with ophthalmo- 
scopically xnsible angioid streaks. Law found in the position of a streak 
a well-marked fold of retina. All the layers of the retina except the 
innermost and the outermost were inx'olx'ed in the plication. The 
internal limiting membrane of the retina passed ox'er the fold in a gentle 
curve. The retinal pigment epithelium appeared to be undisturbed. 
Between the pigment layer and the rods and cones was an accumulation 
of extracellular uveal pigment and cellular ddbris. The lamina xdtrea 
appeared to be intact and the choroid normal. Law did not offer a 
very definite ex-planation of the mechanism of the formation of the folds 
but he seemed to favor the occurrence of choroido-retinal hemorrhage 
as the initiating factor. He was inclined to consider this tendency to 
hemorrhage as part of a generalized x’ascular disease, probably of familial 
origin. _ 

These explanations of the nature of angioid streaks rex'ert to ttic 
original idea that the streaks are in some way the aftermath of preceding 
hemorrhage. Tin's idea docs not conform, however, to the 
concept of the course of the disease xx'hich, as suggested by Wildi,' 
may be dixdded essentially into three stages: 1, the appearance of angi- 
oid streaks and disturbance of the retinal pigment epithelium; 2, sudden 
subretinal ex'udation and hemorrhage in the macular region; 3, scar 
formation in the macula associated at times xxdth the dex'clopment of 
frcsii hemorrhages in other parts of the retina. The anatomic c.xplann- 
tion of the nature of the streaks, which seems to agree most logicall.' 
with this presumed course of the disease and the only one xx-hich permit" 
a logical etiologic association xx-ith pseudoxanthoma elasticum. is the 
theory, adx-anced originally by KofJer in 1917, that the streaks arc 
actually ruptures in the lamina elastica, or lamina xdtrea, of the choroKi- 
Recently Hagedoorn'® and Boeck^ liax-e published x-ery extensive histo- 
pathologic demonstrations of these ruptures in the lamina x'itrea aw 
have attempted to reconstruct the ophthalmoscopically visible 
on the basis of the micro-copically x’isiblo fissures. Unfortunately, to® 
reproduced streaks do not seem to fit in x-ery accurately xxith the u-oo 
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course and location of the angioid streaks, as seen with the ophthalmo- 
scope. And Verhoeff’s objection to this explanation of the streaks may 
be a logical one; in 1926, Verhoeff and Sisson^’^ “described and depicted 
changes in Bruch's membrane essentially identical Avith those found by 
Hagedoorn in his case, including rupture of this membrane .... in eyes 
Avithout angioid streaks in patients over 47 years of age." 

Hagedoorn gives a very elaborate description of the histopathologic 
changes observed in the study of microscopic sections of both eyes of 
his patient with angioid streaks. He states : “ In studying the sections 
stained Avith hematoxylin and eosin one Avas struck by the confusing 
variety of pathologic changes; there Avas, however, one constant and 
dominating feature in both eyes: the pathologic condition of Bruch’s 
membrane .... it seemed to be consideralDly thickened and Avas over- 
stained with hematoxylin .... the membrane behind the equator 
showed a great number of defects, gathered especially around the disk. 
In the macular region the membrane was missing over considerable 
distances. Under high magnification the margins of most of the defects 
AA^ere as clearcut as though done Avith a knife. Therefore, it may be 
concluded that the defects were true ruptures of the membrane."^® 
Hagedoorn states also “It may be concluded that the described type 
of degeneration of Bruch’s layer is specific for angioid streaks.”^® In 
the sections examined by Hagedoorn the choroid appeared to be thick- 
ened and sclerotic with atrophy of the elastic tissue in some regions at 
the posterior pole. The walls of the choroidal arteries were hypertro- 
phied and the internal elastic lamina was undulated and apparently 
normal. The retinal pigment epithelium showed evidences of degenera- 
tion, atrophy and proliferation. In certain areas, newly formed tissue con- 
taining elastic fibers and small new-formed vessels was present between 
the retina and the lamina vitrea. Hagedoorn concludes that “ in angioid 
streaks a specific degeneration of the elastic system occurs at a time 
Avhen other cells and tissues of the body still are in a good condition. 
NeAv formation of elastic tissue is still possible, but evidently existing 
fibers do not reach the age of other tissues. This means a precocious 
senility of the elastic fibers, which vieAV is supported by the fact that 
the degeneration occurs especially in regions in Avhich the fibers are 
subject to continuous change in tension. It is possible that the mecha- 
nism of cellular and tissue metabolism Avhich becomes defect! A^e in senility 
may become disturbed in an isolated specific tissue at an earlier age.”^® 
This concept of the disease agrees essentially Avith that of Sorsby^® Avho 
classifies “angioid streaks” under the abiotrophies of the retina and 
choroid and suggests the name “elastosis d^^strophica ” for the systemic 
degeneration of AAdiich the angioid are a part. Apparently this name 
Avas also or originally suggested by Boeck. 

In the sections of the eyes examined by Boeck, as in those examined 
by Hagedoorn, the most striking changes Avere found in the lamina 
vitrea of the choroid— diffuse and localized thickenings, changes in 
staining reactions, calcium deposits, and defects in continuity. In a 
flat reconstruction, these defects form long fissure-like lines resembling 
angioid streaks and also small round or oval holes. Over the smallest 
defects, the' retinal pigment epithelium is unaltered and under them the 
choriocapillaris is normal. 'The defect in the lamina is filled AA'ith a 
structureless eosin-staining mass. This suggests that the primary lesion 
in angioid streaks is in the lamina A'itrea. In connection AA'ith the larger 
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defects, the choriocapillaris is replaced a fiber-rich, cell-poor connec- 
tive tissue witii few remaining capillaries but with some new-formeil 
^^essels which tend to grow out througli the defect anrl between the 
lamina vitrea and the pigment epithelium, in association with some 
collagenous and elastic fibers. These new-formed vessels may he the 
source of the subretinal exudative and hemorrhagic lesions observed 
clinically. The defects involve apparently both the lamina elastica and 
the lamina basalis of the lamina vitrea. The defects maj' be due to 
actual degenerative holes as well as to mechanical tears in the diseased 
membrane. Circumscribed defects were observed also in the elastic 
lamina of a large choroidal artery. In the ciliary arteries e.vtraocularly, 
there was destruction of the lamina elastica with connective tissue pro- 
liferation and with calcium deposits in the muscular and elastic layers. 
Degeneration was noted in the elastic tissue of the wall of the aorta in 
Boeck’s patient as well as arteriosclerosis in other systemic vessels. 

The histologic demonstration of the apparent primary involvement 
of the elastic lamina in eyes with angioid streaks furnishes a clue to the 
significance of the tendency to coexistence in the same individual of 
angioid streaks in the eyes and pseudoxanthoma elasticum in the skin, 
which tendency has been very definitely established clinically. Mont- 
gomery^ describes the gross and histopathologic characteristics of the 
skin lesion knowm as pseudoxanthoma elasticum. The as^miptoniatie, 
discrete, chamois-yellow to orange papules which constitute the earliest 
recognizable phase of the lesion later assume a linear arrangement or 
merge to form plaques. The flexual folds of the skin soon become lax 
and stretched. The lesions are usually found first on the neck or in the 
axillaj and may then spread to other parts of the body. Occasionally 
they involve the mucous membranes. Histopathologically, degenera- 
tive changes are found in the elastic tissue in the middle and deeper 
portions of the cutis, which may be either diffuse or in circumserihefl 
nodules. The epidermis and upper portion of the cutis are not involved. 
A zone of normal connective and elastic tissue is present between the 
epidermis and the portion of the cutis which has undergone pathologic 
change. In the affected portion of the cutis there is edema and swelling 
of the elastic fibers followed by fragmentation and splitting of the fibers 
and later changes in their staining characteristics. Later, in the center 
of the lesion, there is curling of the fibers and granular and vacuolar 
degeneration of varying degree. The elastic fibers stain blue vnlh 
hemato.xylin or methylene blue. There are no changes in the cutaneous 
nerves. The changes in the connective tissue are minimal, edema and 
a tendency to homogenization of some of the collagen fibers. There i-- 
no or at most slight evidence of inflammatory change. An occasional 
liiood-vesscl is seen to have undergone slight dilatation or proliferation 
of the endothelium with or without slight perivascular infiltration of 
a few lymphocytes, plasma cells, and an occasional fixed connective 
tissue cell or mast cell. The elastica of the vessel walls remains intact. 
In 4 cases, stains for fats and lipids gave negative results. In 2 cases, 
detailed studies of blood chemistry revealed nothing almormal. 
gomery- thinks that pseudoxanthoma elasticum can be distinguisne<> 
definitely histologically from senile elastosis in which there is a marked 
degenerative change in the collagen as well as in the clastic fibers, a 
bluish staining of both with hemato.xylin or polychrome methylene blue, 
and a merging of the two to form homogeneous masses. The p-apinarv 
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bodies are involved usually in the process and there is atrophy of the 
epidermis and often of the cutis. Montgomery stated; “Absence of 
inflammatory reaction, together with the history obtained in many 
cases of more than one member of the family having the disease, makes 
it seem more likely that the condition is a malformation of elastic tissue 
and is probably on an hereditary basis.”^ It would seem at least 
possible that both angioid streaks and pseudoxanthoma elasticum are 
manifestations of a familial instability of the elastic tissues of the body. 

Several authors, most recently Terry Lambert,^® and Morrison'^ 
have reported the finding of angioid streaks in the eyes of individuals 
with Paget’s disease of the bones, osteitis deformans. Twelve instances 
of the association of these diseases have been reported in the literature 
to date. The significance of this association is not clear as yet. Terry 
examined the ocular fundi of 22 patients with osteitis deformans; 
3 showed definite angioid streaks. Pseudoxanthoma elasticum has not 
been diagnosed as yet in a patient with osteitis deformans. 

In most of the literature on this subject, the angioid streaks are re- 
garded as the most essential part of the disease. Rayner Batten^ has 
advanced a somewhat different concept of a disease of the choroid with 
rather protean manifestations of which the angioid streak is only one 
and not a necessary one. In summary, Batten stated that this choroidal 
disease has its onset in middle life about the age of 40. It is primarily a 
vascular disease, often familial and probably hereditary. The earlier 
symptoms are pallor around the disks, fine pigment changes at the 
macula, and angioid streaks without necessary loss of vision. The later 
symptoms include central macular hemorrhages and exudation with 
retinitis circinata, extensive choroidal atrophy, scattered gross pig- 
mentation, and retinitis proliferans with or without angioid streaks. 
Batten elaborates on 7 principal points: 1, This familial disease of 
the choroidal vessels is characterized in its early stages by angioid 
streaks and other pigmentary changes of the choroid and retina and 
later by gross central choroidal hemorrhages and the resultant scars. 

2, The disease is of slow onset and extends over many years. Attention 
may be called to its presence first by the sudden occurrence of gross 
hemori'hage, commonly at the macula, of choroidal or subhyaloid type. 

3, It is a primary disease of the vessel walls, not secondary to any septic 
or inflammatory disease. It may be associated with a similar vascular 
weakness in other parts of the body either in the same individual or 
in other members of the family. 4, The angioid streaks are due prob- 
ably to a slow seepage from the choroidal vessels and are not an essen- 
tial part of this familial choroidal disease. .5, Some hitherto unex- 
plained types of retinal pigment degeneration at the macula and of 
choroidal pigmentary degeneration may be other manifestations of this 
disease. 6, This choroidal disease may account for many of the hemor- 
rhages occurring in the macula and other parts of the fundus without 
demonstrable etiology. Retinitis circinata occurs frequently in this 
disease as a phase of the macular hemorrhage stage. 7, There is lack 
of definite information as to the after-history of these cases. But it 
seems probable that, after the subsidence of the acute hemorrhagic 
I)hase, there may not be much progression and the patient may not go 
on to blindness. Because of the frequent later development of hemor- 
rhagic lesions, a guarded prognosis should be given to patients who 
present only angioid streaks at the time of initial examination.^ 
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In view of the many conflicting views and findings presented, to all 
of which certain objections may be raised, it must be admitted tliat 
the problem of the nature, origin and significance of angioid streaks is 
not settled as yet. It is barely possible that, in spite of the rather 
uniform and characteristic ophthalmoscopic appearance of the streaks, 
basically different choroidoretinal pathologic lesions may be concerned 
in their formation. In this connection, it may be well to note the report 
made by Benedict^ on the microscopic study of an eye which probaldy 
presented angioid streaks in the fundus before enucleation. Benedict 
stated: “Microscopic e.xamination of these sections, however, failed 
to show any pathologic changes that could be identified as angioid 
streaks. The retinal structures appeared practically normal, except 
for numerous small vacuoles resulting from fixation and embedding. 
The retinal vessels were patent and shoxved no sclerosis. There was no 
retinal hemorrhage. The choroid showed perivaseular lymphocytic 
infiltration about many of its vessels and heavy deposits of pigment 
surrounding the vessels and nerves. Sclerosis and obliteration of the 
choroidal vessels were not seen. The veins were large and thin walled; 
the arteries were all patent and their xvalls w’ere not thickened. The 
lamina vitrea was regular except for a few very small hyaloid nodules. 
There was some fibrosis of the choroid, but folding or projections of the 

inner layer of the choroid were not present In the hematoxylin 

stained sections there was no exndence of increased calcium in the 
choroid or the lamina vitrea There were no thrombosed vessels 


about the zonule of Zinn .... nor were there any abnormal vessels. . . . 
Rents in the pigment epithelium .... could not be confirmed.”^ 

In October, 1941 , Scholz’^ published a review of the literature on 
angioid streaks in xvhich he gave some interesting data. He collected a 
total of ISS cases. Of this number, 66 had been reported from Germany, 
60 from the United States, 17 from Great Britain, 14 from the Scandi- 
navian countries, 9 from France, S from Japan, and 6 from South 
.\merica. Six of the cases were in negroes and 6 in Japanese; the rc^t 
were in whites. Of the patients, 58% were males and the age incidence 
peak was in the fifth decade. Loss of vision was noted in 63% of the 
cases. The color of the streaks was noted in 10.3 instnnees; it was said 
to be brown or reddish-brown in 65, gray in 27, and red, black, white, 
or grayish-brown in the remainder. Lesions xvere found at the maciim 
in one or both eye.s of 140 patients; recent hemorrhage in 35, scarring 
in 19, abnormal pigmentation in 18, and, in the remaining 23, hole, 
exudate, disciform degeneration, retinitis circinata, or .some other form 
of retinitis. Hemorrhage in the retina was described in 6.7 crises ami 
choroiditis in 70. .\mong the 139 cases reported .since 1929, 
x-anthorna clasticum was found to be present in .59% and was specifically 
■statcil to be absent in 13%. The diagnosis of osteitis deformans va' 
made in 9% of the patients. Senile clastosis was noted in o ca'i'^ 
(3.6%). Scholz quotc.s Sandbacka-Holstroein to the effect that among 
100 ca'-e^ of pseudoxanthoma clasticum reported in the literature, the 
pre'-cnce of angioid streaks was noted in 87. According to Seholz, of 
the patients in whom the lesions in the fundi liad iieen ohserved for 
more than a year, the angioid streaks were noted to have increased in 
nmniier in 33%, to have dccrca<5od in 10%, and to Imx'c remained 


unchanged in .56%. 


IlKsny r. W.\r;f..vEts, ^f-H- 
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Vascular Reactions; (1) During Shock; (2) Following Removal of 
Large Amounts of Blood. Richard G. Abell and Irvine H. Page 
(Department of Anatomy, University of Pennsylvania, and Lilly Labo- 
ratory for Clinical Research, Indianapolis City Hospital). Shock was 
produced in rabbits and cats by two methods: 1, the incomplete liga- 
tion of all 4 legs (1 rabbit and 14 cats); 2, crushing one taped leg (3 rab- 
bits). Three criteria were used in attempting to determine whether 
the animals actually went into shock. These were: 1, blood pressure 
measurements; 2, hematocrit determinations; and, 3, the appearance 
of the viscera at autopsy. Blood pressure measurements showed a 
gradual and persistent fall in pressure Avhich dropped below 60 mm. Hg 
and remained there for an hour or more before death in 12 of the 14 cats 
in which direct recordings were made. Hematocrit determinations on 
3 cats showed hemoconcentration of moderate degree, readings rising 
in a typical instance from a control of 36 % to 45 %. Autopsies usuallj'^ 
showed the presence of small hemorrhages in many parts of the body, 
especially the heart, liver, spleen and lungs. The rabbit and 13 of 
the cats died, in all but 2 instances from 3 to 8 hours after releasing the 
ligatures. Of the 14 cats, 4 w'ere nephrectomized, 3 adrenalectomized 
and 2 pancreatectomized. 

The vessels studied were in transparent intestinal-mesenteric cham- 
bers (Zintel, H. A.: Anai. Rec., 66, 437, 1936). The animals were 
anesthetized with 30 mg./kg. pentobarbital, injected subscapularL^ in 
the rabbits and intraperitoneally in the cats. Microscopic observations 
of the arteries and veins of the mesenteries showed that marked arterial 
constriction occurred early in shock and usually persisted until an hour 
or so before death. The veins also became narrowed. With the con- 
striction of the arteries and veins there was a noticeable decrease in the 
amount of blood going to the intestine and mesentery, as shown by 
blanching of these structures and decrease in venous return. The same 
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vascular reactions occurred in shock which was produced by incomplete 
ligation of the legs follorsdng the removal of both kidneys, or of botli 
adrenals, or of the pancreas. No .such reactions occurred in the vcs.'^eb 
of the mesentery of a control cat. 

The effect of hemorrhage on the mesenteric vessels was studied in 
3 cats. Following withdrawal of from 32 to 60 cc. of blood, the arteries 
of the mesenteries constricted and the veins became narrowed, as pre- 
viouslj^ noted in shock. 

In 1 rabbit, anesthetized with 30 mg./kg. pentobarbital, the arterioles 
in a transparent moat chamber (Abell, R. G., and Clark, E. R.; Anal. 
Rcc., 53, 121, 1932) in the ear rvere .studied during shock. Arteriolar 
constriction persisted for 3 hours and was then followed by relaxation. 

No narrowing of any of the vessels was observed in the mesentery 
of a cat following destruction of the brain and spinal cord by pithing. 

These experiments indicate that in rabbits and cats the terminal 
stage of shock (produced by the almost complete occlusion of the cir- 
culation of the 4 legs for 3 hours, or by crushing one taped leg) is pre- 
ceded by an intense and prolonged arterial constriction. In the cats 
this was shown to occur regardless of the presence or absence of kidneys, 
adrenals or pancreas. 

A detailed account of the experiments with the cats is in press 
(Page, 1. H., and Abell, R. G.: .7. Exp. Med.). 


The Influence of Season and Temperature Upon the Oxygen Con- 
sumption of the Sand Crab, Emeiita Talpoida Say. G. A. Edw.ikds 
(The Edward Martin Biological Laboratory, Swarthmore College, 
Swarthmore, Pa.). The o.xygen consumption of the sand crab at rest 
was measured in summer and winter, using animals of various siz« 
and of both sexes. The life span of Emerifa ialpoida from the ^^oods 
Hole region was determined and it was found that the females livwl 
about 27 months and the males about 25 months. The adult female 
has a carapace length of 25 mm. and the male 15 mm. In summer the 
animals were found distributed over the whole beach but in winter the 
shores are often frozen and the animals were found away from the shore 
under 6 to 12 feet of water. Growth and activity are maintainc<i 
throughout the whole year. 

The o-xygen consumption of the smaller animals was greater than 
that of the larger animals per unit of weight and at any given tempera- 
ture. The effect of rising temperatures upon the metaboli.sm rra- 
greater in the smallest weight class of animals and least in the largest 
animals. 

.Sudden changes in temperature of 10° or less from the normal brough 
about rapid changes in the ox.vgen consumption, Imt the effect was sue i 
that the oxygen consumption became normal immediately when tlie 
animals were returned once more to the initial temperature. Greater 
changes had an effect such that the animal lost the ability to return to 
the normal oxygen consumption again. . . 

The oxygen consumption of both the winter and summer an»na ' 
increased with increases in temperature until heat injury set in and then 
decrejiscd. The maximum oxygen consumption in summer "'a-' a 
26® C., that in winter slightly lower. The oxygen con.sumption^ 
winter was greater than that in summer at temperatures below U t 
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20° C. The thermal death point in summer was approximately 10° 
higher than that in winter. 

It appears that Evierita talpoida from the Woods Hole area becomes 
adjusted with season in such a manner that the metabolism in winter is 
kept up toward a level comparable to that during the warm summer 
months. The winter acceleration of metabolism coincides with the 
preservation of growth and activity at low temperatures. 


The Respiratory Reactions to Hypoxia in the Normal Unanesthetized 

Dog. A. H. Chambers, George Brewer, H. W. Davenport and 
Samuel Goldschmidt (Department of Physiology, University of Penn- 
sylvania). Respiratory minute volume, rate, and tidal air were meas- 
ured on normal, unanesthetized dogs breathing oxygen concentrations 
ranging from 16 % to 4 %. 

Minute volume increased to a maximum value within the first 3 to 
6 minutes, then fell off to a plateau level maintained throughout the 
experimental period. With 16% or 14% oxygen the plateau may fall 
back to control (outdoor air) level, while rate may remain unchanged. 
In all cases, the initial increase in minute volume was accomplished by 
increased tidal air rather than rate, while the fall to the plateau was 
accompanied by decreased tidal air and increased rate. At all times, 
tidal air remained above control value. With 4 %, 5 % or 6 % oxygen a‘ 
second increase in minute volume characterized by an increased rate 
and maintained tidal air, occurred following the initial increase. In 
long experiments such increases may be repeated several times. 

While breathing room air following 20 minutes’ exposure to low 
oxygen minute volume fell to a value 50 % to 70 % of the control. Tidal 
air at this point decreased below control value and rate, if previously 
increased, fell to or slightly below control. 

Absence of apnea following loss of CO 2 during the previous hyperpnea 
suggests a stimulating factor produced during hypoxia which can main- 
tain the respiration. 

A few long experiments using 4 % oxygen were done to determine the 
point of failure of respiration. This time ranged from 40 to over 155 
minutes. Respiration ceased before the heart failed. Resuscitation 
by artificial respiration failed in only 1 case. 


The Respiratory Reactions to Hypoxia in Dogs With Deafferented 
Carotid and Aortic Receptor Areas. Horace W. Davenport, George 
Brewer, Alfred H. Chambers and Samuel Goldschmidt (Depart- 
ment of Physiology, University of Pennsylvania). Three unanesthe- 
tized dogs deprived of their chemoreceptors were made to breathe air- 
nitrogen mixtures in which the oxygen percentage was from 18% to 
9 %. At the beginning of the period of hypoxia their minute volumes 
decreased from 15 % to 27 %. The decrease was relatively independent 
of the degree of hypoxia. With increasing hypoxia the tidal air at the 
point of maximum depression decreased below the control, and the 
respiratory rate increased. The maximum depression occurred earlier 
the lower the oxygen percentage. Following the depression the minute 
^ohlme increased to or above the control and was maintained high 
till oil ghout the rest of the period of hj'poxia. The increase above the 
point of maximum depression increased with increasing hypoxia. 
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During the increase the tidal air rose toward the control level, and the 
rate increased. Both changes were proportional to the degree of hy- 
poxia. When the dogs again breathed air their minute volumes remained 
greater than the control for at least 10 minutes. 

The results are interpreted to mean that during hypoxia central 
depression of the respiration and some sort of central stimulation exist 
coincidentally. The depression and stimulation increase wth time and 
with hypoxia, and after the end of hypoxia they decay slowly. The 
respiration represents the algebraic sum of the depression and stimula- 
tion. The stimulation is quantitatively greater and is responsible for 
the maintenance of a high minute volume despite the existence of 
depression. 


Notice to Contributors. Manuscripts intended for publication in the AMERiCiS 
Journal or the Mepical Sciences, and correspondence, should be sent to tie 
Editor, Dr. Edwarp B. Krhmbhaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. Articles are accepted for publication in the American Jocrkal or 
THE Medical Sciences exclusively, except in the case of subsequent publication in 
Society proceedings. 

Two hundred and fifty reprints are furnished gratis — with covers if over 4 pages; 
additional reprints may be had in multiples of 250 at the expense of the author. 
They should be asked for when the galley proofs are returned. Contributions in a 
foreign language, if found desirable for the Jodbnal, will be translated at its expense. 

Instructions to ContribntoTS. Manuscripts should be typewritten on one side 
of the paper only, and should be double spaced with liberal margins. The 
chief position and, when possible, the Department from which the work is 
should be indicated in the subtitle. Illustrations accompanying articles should be 
numbered and have typed captions bearing corresponding numbers. For identification 
they should also have the author’s name written on the margin or back. The 
mendations of the American Medical Association Style Book should be follovrw. 
References should be numbered and at the end of the articles, arranged alpM- 
betically according to the name of the first author and should be complete, that «, 
author’s name, journal, volume, page and year (in Arabic numbers). 

Return Postage should accompany all manuscripts but will be returned to t e 
author if the manuscript is accepted. 


Editorial Note to Medical Authors: We wish to call the special attention ^ 
author-contributors and readers of this Journal to two of the most frequent error. 
that appear in our manuscripts. „ , 

The first — the misuse of "milligrams per cent’’ — is well covered on Page 
the American Medical Association's book entitled "Medical Writing": ‘ 
of chemical determinations are frequently expressed as ‘ milligrams per cent • 
‘grams per cent.’ This means literally ‘milligrams (or grams) per hundred m 
grama (or grams),' which in most instances is not the information that the 
wishes to convey. To insure accuracy a writer should specify the unit 
’milligrams per hundred cubic centimeters' or ‘milligrams per 100 gm.’ If . 
her of values are (tie) given close together in a section or in a short paper, it 
is sufficient to supply 'per hundred cubic centimeters’ the first time 
appears and to use merely ‘milligrams’ {not 'milligrams per cent’) thereafter, ’ 
have become so weao' of correcting this fault — and yet probably have ^ 

in many cases— that we are taking this means of trying to reduce it for j j-,,] 

We hope that other journals, and especially the Journal of the American . is 
.■Association with its large circulation, will also emphasixe the point. _ 

We should like to regard the word "consider” as indicating that the item ^ 
under consideration or being meditated upon, i.e., that no conclurion has been 
This is usually the first meaning given by dictionaries for this word, y® w tl-e 
that, some dictionaries to the contrary notwithstanding, it is improper „ v-Ij; ;o 
word where a deciiion has been reached; in which case some such word as j,; 
be," or "regard as" or "believe to be” or “hold as an opinion "gives the snore 

meaning. Editor- 
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VASOMOTOR AND OTHER REACTIONS TO INJURIES AND 
VENOUS THROMBOSIS 

By John Homans, M.D. 

CONSUI^TANT IN SURGERY, PETER BENT BRIGHAM HOSPITAL, BOSTON, MASS. 

In recent years, a number of vascular reactions in the arms and 
legs, hitherto of seemingly mysterious origin, have come to be 
understood. They are of several sorts. There are local constric- 
tions of large arteries and peripheral spasms in various parts of 
the vascular bed on one side or the other of the capillaries. With 
all these, pain is associated and with some of the more serious, 
ischemia. Cyanosis, edema and atrophy of the tissues are familiar 
features. 

Not all such states appear at first sight to be related to one 
another. For example, Volkmann’s contracture, as a complication 
of fractures near the elbow, would seem to have little in common 
with a painful femoral thrombophlebitis, and neither appears to 
be related to the causalgias, traumatic edemas and other complexes 
due to wounds of great nerves, and to such a variety of minor 
injuries as dog bites, fractures and blows. Yet all these and other 
disorders probably result from injury to or irritation of the tiny 
nerves which attend the blood-vessels. At least these tiny nerves 
appear to initiate not only local constrictive spasms but a variety 
of remarkable reflex disorders, and by supposing that many such 
N’icious reflexes pass into the spinal cord and out again, involving 
in their course the sympathetic system, a number of disabling and 
previously unconquerable states have become at least understand- 
able and sometimes curable. In such a broad conception as this, 
one must not be ashamed of setting up an hjqDothesis which can 
hardly be proven, and of taking false steps at times, provided the 

* Trimble Lecture presented before the Medical and Chirurgical Facultv of the 
State of Marj’land, April 29, 1942, Baltimore, Md. 
lOL. 20o, NO. 3 — MARCH, 1943 
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main line of thought is productive. Progress can be made and 
false steps retraced as they are noticed. That, I believe, has been 
the conception of that very fascinating and imaginative Frenchman, 
Rene Leriche,® who, more than anyone else, has preached the sig- 
nificance of what may be called the “vascular nerves.” These are 
loosely called sjunpathetic nerves, but all are not sympathetic in 
the strict sense, since some are sensory and, passing centrally, leave 
the blood-vessels to join the somatic nerves through which they 
enter the spinal cord. However, in that capacity which interest'i 
us here, the}”^ are linked with the sjnnpathetic or out-flowing, vaso- 
motor system and may therefore be counted a part of that system. 
In fact, even though all are not vasomotor nerves, they are con- 
cerned with some very common vasomotor reactions. 

I am going to begin by showdng you hovv closely the vascular 
reactions of thrombophlebitis are related to the vascular reactions 
of various injuries. It is an old observation, for many years neglected, 


that thrombophlebitis of the lower limb, the inflammatory throm- 
bosis which has been called “milk leg” and which the laity sjmpiy 
dubs “phlebitis,” is very rarely a cause of gangrene of the leg.' I 
remember running into an observation of this sort in the writings 
of Cruveilhier,- the great French surgeon-pathologist, who, in his 
day, made very valuable observations upon the I'ascular system. 
Before I became familiar with the subject, I supposed that such 
gangrene, in patients very sick •noth tj^phoid or pneumonia, was 
actually due to arterial embolism or to an unusual necrosis o' 
bacterial origin, vvhich is now no longer seen. Today, of course, it 
seems highly probable that it w'as consequent upon an e.xtensivc, 
spasmodic obliteration of the femoral artery, hlany accounts have 
appeared during the last 5 or 6 years, especially in the Irench 
literature, of violent arterial spasms of this sort, some of wlncli 
have relaxed spontaneously ■while others have resulted in complete 
ischemia and gangrene. One account describes a surgical exploration 
of the femoral vessels wdiich revealed an extensive thrombosis in 
the vein, beside which la.y an insignificant, tiny, contracted femora 
artery. The operator, Gregoire,"* punctured it with a fine needle t« 
discover that there was still a faint arterial flow through the ' 
and secured momentary relaxation by an injection of procaine abnti 
the arterial ivall. However, the artery soon relapsed into iincon- 
trollable spasm and the leg became gangrenous. I, myself, Im'C 
observed in one instance a gangrenous afl'air of this sort, not proven 
by exploration but supported by clinical evidence, and in 
case have been able to observe a patient in a very early stage of 1 1‘ 
arterial spasm, assure myself by a procaine block of the him m 
sympathetic that the peripheral ves.seis of the limb were capub'c o 
a normal vasodilatation anrl note, some hours later, cotnpi* t 
rela.vation of the artery .associated with an excessive flow of iiio'>‘^ 
into the whole leg. Evidently the contraction finally relaxed o. 
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its own accord. I have belabored this point in order to show you 
that there is such a thing as a definite local spasm of a large artery, 
associated with thrombophlebitis in the companion vein. 

Presumably, in such instances, the cause of the spasm lies close 
to the artery, in the form of an inflammatory reaction involving 
the vasomotor nerves serving the Avails of both vessels, a local 
disorder.* For if the spasm resulted from a spinal refiex, touched 
off by irritation of the central-going sensory filaments serving both 
the artery and vein, the resulting reaction should not be local but 
generally distributed through the whole A'^ascular system of the 
limb. I will return, later, to the generalized peripheral spasms vdiich 
are associated with thrombophlebitis and Avhich are clearly of reflex 
origin, but these are not in question here. 

A similar local arterial spasm occurs as a result of acute injuries 
involving the tissues close to the arterial wall. This became known, 
during the last World War, as arterial stupor, and there are excellent 
accounts describing the passage of a bullet close to the femoral 
artery, which in one instance (Kroh, 1915 , 1917 ®’’^) Avas seen to 
have shrunk into a tiny needle-like structure, a cause of numbness, 
coldness and complete loss of power in the extremity. Spasm of 
this sort is capable of relaxing spontaneous^ but, if it does not 
relax, it may lead to a very serious situation because the collateral 
vessels, Avhich may also have been throAvn into spasm, are rarely 
able to take care of the peripheral circulation AAdien the principal 
vessel is strongly contracted. Recently, it has been suggested 
that Volkmann’s contracture is an affair of this sort. A violent 
trauma to the region of the loAver arm, elboAV or forearm, particularly 
the sort AAdiich causes a supracondylar fracture, has often been 
folloAved by a contracture of the muscles of the forearm, making a 
claAv of the hand and ending in incurable fibrosis of the muscles, 
nerves and blood-vessels. Though Volkmann himself finally regarded 
the contracture as ischemic, it has since been thought that the 
• disorder is due to an acute passRe hyperemia resulting from a 
tense blood clot in the region of the fracture, a serious situation, 
AA’^hich is aggraA'^ated Avhen the arm is placed in acute flexion or AA’hen 
splints are applied. It is much more likely, as I haA'^e said, that 
the condition is really one of arterial spasm. Griffiths® strongly 
niaintains this vieiA”^, and a A’ery interesting account of an explora- 
tion in an early case of supracondylar fracture Avas giA^en some 
years ago by Montgomery and Ireland.'® Seeing the contracted 
vessel, not itself injured, lying in traumatized tissue, they refrained 
from further manipulation and AA’ere able to report that in the next 
few days the A'essel gradually recoA'ered from its spasm, so that some 
Avceks later the fragments could properly be replaced. It is easy to 

* lu this I diflor, perhaps, from Ochsner and DeBakcy'® who picture ail vascular 
constriction in the limb of thrombophlebitis as being reflex in nature. The differ- 
cnce need not be taken too seriously. 
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believe that both the local vasospasms of thrombophlebitis and 
injury are due to the irritation of perivascular nerves, probably of 
the actual vasomotor, or sympathetic, sort. 

I now come to another kind of vasoconstriction which is also 
associated with both injury and thrombophlebitis. Although this 
sort is so little understood that both its mechanism and situation 
are not exactly known, it appears to be due to a reflex excited by 
a sensory stimulus, one which passes inwards, presumably into the 
cord, and out again, by way of sjunpathetic channels. For the most 
part, this constriction shows itself widely in the periphery of the 
involved limb. Its effects, in the form of pain, paresthesia, edema 
and cyanosis, may be observed in unexpected instances after blows 
and fractures, after bites by animals and infected wounds from 
thorns, to cite a few of many instances, a state which has been 
called “minor causalgia” because, although it resembles in some 
respects the serious variety described by Weir Mitchell, “ it is far 
less violent. A very similar disorder is occasionally associated with 
an inflammatory thrombophlebitis. The leg is left, after the acute 
stage of the disease, in a painful state of slight cyanosis, edema and 
paresthesia, identical for practical purposes with the causalgia-like 
condition so unpredictably brought on by trauma. A traumatic 
minor causalgia may be forced upon any limb but is most common 
in the arm, particular!}’- in the hand, and is favorably influenced 
by blocking the sympathetic nerves to the part. One need only 
inject a few cubic centimeters of procaine into the region of fne 
gangliated chain serving the arm or leg to abolish for the moment 
all signs of the disease, both subjective and objective. There are 
other ways of breaking into some part of the reflex arc, though 
repeated treatments may be required to effect a cure, and in some 
instances all methods fail. This is true alike for the postphlebitic 
and post-traumatic states. It is fairly clear that in postphlebitic 
minor causalgia the perivascular nerves of the iliac and femoral 
vessels are involved in an inflammatory reaction and that w tho 
post-traumatic state, the nerves of the finer blood-vessels arc irri- 
tated. Until some better hypothesis is offered, one must suppo'C 
that the sensory nerves serving the blood-vessels carry toward the 
spinal cord stimuli occasioning these reflex disturbances.* I'igurc 
sliows how impulses may arise from the tiny fibers attendant upoa 
the blood-vessels, including those of the great nerves. De lakats 
has drawn one figure illustrating the course of reflc.\'cs from the 
joints as well. 

* There is a pood deal of confusion as to the course of such reflexes. 
sonsorj- neurons who“o cells lie in the posterior root Ranttlia have branches 
the arterioles. .Antidromic impulses (axon reflexes) from thcK neurons 
IH-ripheral rn-’U'lUattilion ns exhibited in the familiar flush of p.ainfu! injunc’. 

.«inee eyaiiofis and edemn. that is, sifais of peripheral xatoconrlnclion, are as 
with the states here descri!>ed. it would seem that the reflex aetu.al!}' travels in » 
eonl and touches of! .sympafhetie activity. 
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So far, I have attempted to show that both large and small vessel 
vasospasms may result from thrombophlebitis and from a great 
variety of injuries. I believe that now I should review some anatomic 
and physiologic considerations. All blood-vessels, of course, are in 



Fig. 1. — jiHnor cavsalgia; Diagrammatic sketch showing the course of a reflex 
starting from the sensory filaments of the blood-vessels (right) and causing vaso- 
constriction in the arterioles (and venules?) of the fingers (left). In the forearm on 
the right, the size of the great nerves and vessels is e.xaggerated. Each heavy arrow’ 
points to a supposed region of injury, whence the sensory filaments of the blood- 
vessels start the unnatural reflex. A, Median nerve, showing the sensory filaments 
of its rich blood supply. B, Ulnar nerve and artery. Filaments from the ulnar artery 
pass to the ulnar nerve and so to the cord. A\ Outflowing reflex sj’mpathetic vaso- 
constricting impulses in the median nerv'e of the same hand being distributed to the 
fine blood-vessels of the fingers. B', The same impulses distributed through the 
ulnar nerve. Notice especially the smooth, slightly edematous fingers, w’ithout 
knuckle markings as contrasted with the normal thumb, a very common feature of 
minor causalgia. The radial and median distribution of sympathetic impulses might 
equally well be affected, leaving a normal ulnar field. 


a state of vasomotor tonus. All are in some degree elastic. All 
relax when vasoconstrictor impulses are removed, though whether 
there actually are true vasodilator nerves appears to be somewhat 
uncertain. And all, except the very largest arteries, are capable of 


318 iioaiANs: reactions to injuries and venous tiirojibosis 

being contracted with a good deal of force when their sympathetic 
supply is irritated. Sympathetic stimulation, then, causes vaso- 
constriction, and sympathetic paralysis causes vasodilatation. These 
reactions, which are directed from centers in the hj^pothalaimis, 
medulla and cord are brought about especially by cold and also by 
emotional excitement of various sorts. When there is a need for 
conserving heat, the peripheral vessels are caused to contract and 
the skin ceases to allow heat to escape. On the other hand, when 
heat must be dissipated, the superficial vessels dilate and various 
other cooling agencies are put to Avork. But vasomotor refle.xcs 
have yet other important effects. If a great artery to a limb is cut 
off, the branches of the arterial tree serving that limb tend to dilate, 
permitting a collateral circulation to become established. Unfor- 
tunately, this is not a very well protected reaction because if a 
great artery, instead of being divided, is injured or becomes throm- 
bosed or CA'en is occupied bj' an embolus, the w'hole arterial tree, 
instead of dilating, contracts, so that a collateral circulation is 
greatly restricted. Apparently, this latter unfortunate reaction is a 
reflex one and can be ov'ercome only by actually' dividing the vessel 
or the structures immediately about it. Here again is e\ddencc of 
impulses running centrally, which if unimpeded, call forth an out- 
going sympathetic stimulus which contracts the branches of the 
great vascular tree but whose interruption permits a corresponding 
vasodilatation. That this contraction is not due to a local irritation 
of outgoing sympathetic nerves is suggested by the known distribu- 
tion of SA'mpathetic constrictor fibers to the arterial sj'stem of any 
limb. These constrictor fibers do not run for great distances along 
the vessels but reach them at successive levels. They’ emerge from 
the somatic nerves to be distributed to the arteries in a series of 
branchings, and in the end, the distribution to the peripheral parts 
corresponds roughly to that of the sensory nerves to the skin. 
then, the sy’mpathetic nerves supplying, for example, the femoral 
artery in the region of the groin, are stimulated, a vasoconstriction 
in the local area served bj’ these nerves will occur, but the peripheral 
vessels will remain unconstricted since those are served by .sympa- 
thetic fibers Avhich have not yet passed out upon the arterial tree 
from the great somatic nerves. In other words, local .stimulation or 
paralysis of vasomotor fillers causes a relatively’ re.strictcd, direct 
reaction. 

Not only are the outgoing A’asoconstrictor nerves distributed to 
a succession of vascular fields, but as Moore and Singleton'*^ ba'^' 
found, sensory fibers accompanying the arteries and veins of a lim > 
leave thc.se vessels somewhere— no one knows at what interval-" 
to join the .somatic nerves and pass within them to the posterior 
roots of the spinal cord. Very likely, these sensory ne^vl>^ art 
associatetl in a great part of their course with the strictly sympatiictK 
va.‘^oconstrictor fibers, but they always eiul by entering the enu 
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through the posterior roots, just like other sensory fibers. It 
results that irritation of the sensory filaments attendant upon a 
blood-vessel at any point is capable of sending into the central ner- 
vous system impulses which may result in a reflex disorder affecting 
the circulation in the whole limb. The extent of the reaction ap- 
pears to be uncertain and variable, but at least it tends to be general. 
There maj^ even be a spill-over to the opposite limb. Thus, you can 
readily see the difference between the effect of a local vasomotor 
stimulation and a local sensory stimulation. The former is local; 
the latter is more or less general. Probably the two sorts often 
occur simultaneously. Perhaps I can bring out these differences 
by citing details in some of the states I have so briefly described. 

Localized Arterial Spasm. There may be included in this category 
the arterial spasm secondary to acute thrombophlebitis and to 
injuries such as fractures or wounds by missiles. But there are yet 
others: There is the spasm of the brachial artery related to the 
passage of the brachial plexus over the first or a cervical rib. There 
is acute arteritis, an inflammatory reaction of the arterial wall. 
And finally, there is a very remarkable state of spasm due to em- 
bolism. 

Arterial Spasin in Acute Thromhophlehitis. Acute thrombo- 
phlebitis is the inflammatory sort which obstructs a large vein such 
as the femoral and its continuation, the external and common iliac. 
With this disease, there is often a verj'^ considerable exudative 
reaction about the wall of the vein and strangely enough, about 
the artery as well. It even seems as if there must be some common 
cause for the exudate about the 2 vessels, such as a lymphangitis. 
But in any case, whether or not a perivascular inflammatory reac- 
tion is present, the venous thrombosis is associated, in occasional, 
unpredictable instances, with localized arterial spasm (Fig. 2). A 
clinical sign of this is the pain experienced by the patient, a pain 
sometimes so severe as to be agonizing. An individual may even 
suddenly fall to the ground when attacked bj'’ the pain and the 
sudden shutting off of the arterial supply to the limb. As already 
explained, the spasm may relax spontaneously or it may continue 
and lead to an actual thrombosis and finally obliteration of the 
principal artery. Gangrene is extremely rare, but temporary loss 
of the peripheral pulsations is not very uncommon, and weakening 
of the pulse in the dorsalis pedis artery is of frequent occurrence. 

It is not my purpose to describe in detail the treatment of this 
condition. A sympathetic paralysis, such as can be brought about 
by blocking with procaine the lumbar sympathetic chain, is unlikely 
to relax the really dangerous local spasms of the main artery. 
However, all methods of inducing relaxation should be employed, 
that is, procaine sympathetic block, the application of heat to the 
body and gi'oin, and possibly the vasodilating drugs. In less serious 
cases, a difiuse peripheral vasospasm — of the arterioles, venules or 
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that local pressure about the fracture may not contribute to the 
circulatory failure in some cases. The necrosis of muscle which so 
rapidly leads to the fibrosed, clawlike arm of Volkmann’s paralysis 
comes on verj'^ rapidly; release of pressure by removal of dressings 
and extension at the elbow influence it very little and exploratory 
incision has many times revealed arterial spasm. This spasm much 
resembles that of arterial embolism, for constriction of the collateral 
vessels is associated with it. And consistent with Leriche’s® observa- 
tions that resection of a contracted obstructed arterj’^ is the best 
way to open up the collateral circulation of the ischemic limb, 
arterial resection has proved curative more often than any other 
procedure. 

The Scalenm Syndrome and Spasm of the Brachial Artery. Irrita- 
tion of the subclavian artery or the lower cord of the brachial plexus 
by the first or a cervical rib have come to be known as the scalenus 
syndrome. The observations of Adson and Coffey^ and of Naffziger^’’ 
have suggested that the vessel and plexus, one or both, may become 
compressed between the rib and the scalenus anticus muscle. When 
circulatory symptoms predominate, the subclavian is very rarely 
thrown into spasm. It is more apt to be dilated, the actual spasm 
being bej'^ond in the brachial artery which may in time become 
thrombosed and fully obstructed, giving rise to a cold, numb hand. 
A very ingenious explanation of this brachial spasm is offered by 
Telford and Stopford,^^ who suggest, on the basis of Todd’s anatomi- 
cal observations, that vasoconstrictor fibers destined for the brachial 
artery may be irritated in the lowest cord of the brachial plexus by 
rubbing of the first rib against the nerve. Such an hypothesis is 
consistent with clinical experience and has seemed to me to derive 
support from a rather dramatic event a few years ago upon the 
baseball field. 

An ageing pitcher made a difficult, hurried throw in a strained position 
from near third base to first. In a few minutes his arm “went numb.” It 
was then discovered that though a good axillarj’’ pulse was present, the 
brachial pulse was obliterated and I believe has remained so. A fair col- 
lateral circulation must since have developed, however, as the athlete con- 
tinued during the following year to pitch Avith fair success. May this not 
be the acute fonn of such a sjnnpathetic irritation? 

Arterial Embolism, irrespective of the obstruction caused by the 
embolus itself, calls forth a high degree of arterial spasm. That this 
spasm involves the whole arterial tree beyond the obstruction is 
now recognized, and that such widespread spasm is the cause of 
excruciating pain is highly probable, as the following incident shoAvs: 

A middle-aged man suffered a sudden pain in his left arm. At the same 
inoment, a pulsating lump appeared above the left claAucle. Before the 
significance of this association Avas realized, the lump disappeared and a 
long tender thickening replaced the left radial arterj^ Avhich ceased to 
pulsate. At once the fingers took on a rather cadaA'eric color, especially 
the little and ring fingers, Avhich became flexed upon the palm. Pain Avas 
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agonizing. The patient guarded the fingers from the iiglitest touch. Any 
attempt to extend them was bitterly opposed. The contracture actually 
resembled that of yolkmann. No cause for embolism being knoun, a 
diagnosis of “arteritis" was made and the radial arterj' was explored under 
procaine. _ For a distance of .some inches, it was greatty thickened and 
appeared inflamed. Accordingly, the abnormal portion (then discovered 
to contain a long embolus) was excised; whereupon the patient was at once 
dramatically relieved. Not only did all pain disappear but the finger? 
could now be moved and freely handled. Warmth and color improved. Of 
course, the explanation is that an embolus, of cardiac, origin, had entered 
the subclavian where it caught for some hours and then passed on to become 
jammed into the radial, exciting a violent spasm in that vessel and it? 
branches. 


A similar relief may be observed when an embolus is removed 
from a great artery such as the femoral. Evidently, irritation of the 
arterial wall by the sudden distention of the impacted embolus calls 
forth the useless, violent, painful local and general reflex vasospasm 
in the affected limb. 

Arieritis. Since this rare condition is sometimes regarded as of 
traumatic origin, I will say' a word about it here, though there nrc 
good reasons for holding it to be a result of infection. Periarteritis 
nodosa, that strange and fata! disease, offers one form. Thrombo- 
angiitis obliterans offers another. As to the latter, there is no 
knowing %vhether thrombosis precedes the granulomatous lesion 
in the arteries and veins or the granulomatous lesion precedes the 
thrombosis. In either case, something goes vTong with the wall of 
the blood-vessel. There is beginning to appear evidence that the 
fungus infection of the feet play a part in the disease and that 
tobacco is a contributing feature. Trauma often touches it off. 
Perhaps an allergic factor is of importance. 

Other forms of arteritis are associated with acute infections. One 
of the most specific is arteritis of the temporal artery. The temporal 
vessels become inflamed and tender. Headache is sei'ere anti signs 
of a general infection of a subacute, even recurring sort, are evident. 
The local lesion is reminiscent of thrombo-angiitis obliterans. Po'" 
sibly the arterial wall reacts in a similar way to a variety of harmful 


influences. 

Vasoconstriction o! the Small Blood-vessels: Minor Causalgia. Of 
all the vascular disorders this is the most baffling and the mo-t 
fascinating, for it is related to pains and disabilities which caiue 
great sufl'ering and economic loss, which tend to become fixed iii^n 
individuals otherwise well and which, at the same time, depem 
upon reflexes of a most unstable sort. The exciting injury 
seems too trifling to ha\-e caused .so much trouble, and the rclie 
of the condition is sometimes absurdly simple, sometimes irritatingl.' 
difficult. The whole matter is concerned with the meehani'm o 
pain. .^en''Ory stimuli arc so influenced at their source that t"*.' 
become painful, a matter with which the peripheral cireuIatKin '' 
somehow eoneerned. T have ii'.ed the term “minor cau-afgia f"’’ 
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the symptom-complex here discussed. Actually the pain is not the 
burning pain of Weir Mitchell, but since the term “causalgia” has 
come to mean a serious functional disorder associated with injuries 
to nerves, it may perhaps be applied to a similar though minor ail- 
ment. 

This is not the place to discuss the nature and mechanism of Weir 
Mitchell’s causalgia, which results from partial injuries of the great 
nerves of the limbs. It would appear to be a gross distortion of the 
normal reaction to a painful injury, but whether it results from an 
unnatural accumulation of Sir Thomas Lewis’ hypothetical H-sub- 
stance and a consequent wide sensitization of his nocifensor nerves 
or, as Leriche® maintains, it is merely the “spontaneous creation 
of a particular variety of vasomotor temperament, which we cannot 
even yet distinguish,” is impossible to say. In any case, there is a 
peripheral vasodilatation in the major form of causalgia by contrast 
with the obvious diffuse vasoconstriction of the minor disease with 
which I am familiar and which alone is under discussion here. 
Instances of what I hold to be minor causalgia are the folloiving: 

A. M., a stout, unmarried woman of 20, was first seen 10 months after 
an injury to the right hand. The base of the thumb, in the region of the 
thick adductor muscles, had been pinched from front to back in a piece 
of heavy machinery. Neither skin nor any bone was broken. Soon the 
patient developed a very sensitive spot— “trigger point”— on the back of 
the hand where the pinch had occurred and at the same time the surround- 
ing region upon the thumb and forefinger became "numb.” The patient 
was unable to make a fist, partly owing to pain occasioned by any move- 
ment and partly owing to a peculiar sort of stiffness common to these cases. 
She had several times gone back to work, handling light machinery, but 
each time had had to give up. There was some spontaneous pain which 
the patient confused with the pain of attempted use of the thumb and hand. 

There was present an area of numbness to pin-prick confined to the 
back of the thumb and adjacent hand and a small area of hyperesthesia to 
light touch between the base of the thumb and forefinger. Deep pressure 
here was intolerable. Infiltration of this sensitive region with procaine 
solution gave considerable relief, which, however, hardly lasted overnight. 

A paravertebral procaine sympathetic block for the arm at once restored 
the hand to normal. The numbness and sensitiveness disappeared. One 
could handle the thumb vigorousl}^ and the girl could make a tight fist 
for the first time in 10 months. Tlie relief lasted only 48 hours but suc- 
cessive blocks lengthened the free intervals. Six injections were given in 
the next 5 weeks. Then, after a 3 months’ period of freedom, there was a 
partial recurrence. One niore procaine block took care of this, since when, 
for over a year, the patient has remained well, though she is probably 
incapable of strenuous work. 

E. J., a married woman, 44 years of age. About 2 years before I saw her, 
some splinters of wood had entered her left little finger. Infection followed and 
an operation toestablish drainage resulted ina sinus. The2terminal phalanges 
and, subsequently, the proximal one, were successively removed without 
securing healing. About this time, pain became serious. The ulnar side of 
the hand, particularly the amputation stump and the region of a sinus 
above it, turned a deep lilac color. The skin of this area appeared macerated 
and gave off the characteristic odor of dead tissue. Here there was moderate 
hypersensitiveness, but higher up, the palmar surface of the forearm was 
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dull to pin-prick. The remabing fingers were a little bluish but the change 
was mainly in the ubar field. The patient was becoming a morphine addict. 
She was emotionally unstable, cried over trifles and was nearly unmanage- 
able. 

Two sj-mpathetic block showed that pain could be relieved' and the 
cymosis greatlj^ improved. But though pain was now controllable and 
further improvement seemed certain, an ulnar periarterial sjunpathectomy 
was thought to offer a more rapid cure, especially since the lesion was so 
nearly confined to the ulnar field. The effect of the operation was dramatic. 
Pain w'as permanently abolished; the cyanotic color disappeared from all 
but a srnall area about the sinus, and within 6 months the patient had 
voluntarily returned to work. The sinus did not actually heal, however, for 
almost a year. 

Here, of course, is a nauch more serious disorder than the pinch 
at the base of the thumb. Successive operations, performed without 
appreciation of the peculiar local reaction, fixed the causalgia wore 
firmly with each procedure. The general effect upon the patient’s 
morale was more like that of a major causalgia. A fascinating 
feature was the immediate and permanent relief of pain bj’ a peri- 
vascular neurectomy— presumably of sensory nerves. 

I could describe many similar cases with variations. All have a 
family resemblance. There is always an area of paresthesia which 
usually occupies the back of the hand and often shows a roughly 
anatomical distribution. For example, it may be confined principally 
to an area ser\'ed by the ulnar and median ner^’es (Fig. 1). There 
may or may not be a sensitive “trigger point.” There is usually 
some slight cyanosis and enough edema nearly to obliterate the 
wTinkles on the knuckles. The grip is weakened. Atrophy of bone 
(Sudeck’s atrophy) is often discovered bj’ recourse to the Roentgen 
ray but is not essential to the diagnosis. The most characteristic 
features are the pain, the relative insensibility to pin-prick, the 
cyanosis and slight edema, and a feeling of stiffness in the fingers 
and wTist. If these features can be abolished at once, i. e., in a few 
moments, by a successful procaine block of the sympathetic supply 
to the limb, the diagnosis is fully established. The patients arc 
iisiialK' delighted and surprised by the effect, with which the 
imagination has nothing to do. One may predict failure without 
altering the completeness of relief. 

One can never fail to be struck by the persistence of relief foi" 
hours, days, weeks or life, after a block with 1 % procaine which 
can maintain a sympathetic paralysis for no more than 15 minutes 
to an hour. Even more remarkable is the relief liy local infiltration 
of the sensitive area which is so often present. I, myself, liave haf 
a little experience with this method of treatment, but Livingston, 
who has made an intense study of the subject, has cured nian> 
jiatients by focal injections of procaine into the trigger jwunt or 
about the sensory nerve serving the sensitive area. He has al-o 
successfully excised the sear when a pain complex has arisen fo * 
lowing the healing of a wound. To this brief account I ought to 
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add that only when, as very rarely happens, a sympathetic block 
fails to give a complete temporary relief should one suspect an 
hysterical element in the problem. I have seen 1 or 2 patients in 
whom the edema and cj^anosis cleared up in a typical way, but the 
“numbness” amounted to complete insensibility to pin-prick and 
was uninfluenced by anything I could do. 

It only remains to connect the peripheral diffuse vasospasm of 
thrombophlebitis and the painful causalgia-like states which some- 
times follow it with the post-fraumatic painful complexes just 
described. In the acute phase of a femoro-iliac thrombophlebitis, 
the whole leg, as already related, is painful, pale, edematous and 
often faintly cyanotic. A sympathetic lumbar paralysis clears up 
the pain and rapidly diminishes cyanosis and edema. A similar, 
though less rapid and complete effect, follows separation of the 
inflamed vein from the structures about it. In the flrst case, sympa- 
thetic block releases the peripheral vasospasm. In the second, the 
in-going sensory impulses which reflexly excite the sympathetic 
vasospasm are believed to be modified. In either case, the favorable 
effect lasts longer than the temporary character of the procedure 
warrants, as if a vicious reflex, once interrupted, Avas slow to return. 

It is obvious that venous obstruction alone might well and un- 
doubtedly does cause edema and cyanosis. Lymph floAv is also 
reduced. However, such influences are not up for discussion here, 
but rather a peripheral vasoconstriction capable of being released 
by sympathetic paralysis (Fig. 3). Ochsner and DeBakey hold that 
the reflex spasm affects both venules and arterioles, that anoxia of 
the capillary endothelium occurs, increasing capillary permeability, 
and so an excess of fluid passes from vessels to tissues whence various 
factors oppose its removal. 

The chronic, painful, postphlebitic states are practically identical 
with post-traumatic lower-limb causalgias. They have definite 
earmarks. Pain is excited by long standing or exercise. It varies 
greatly in character. Edema and cyanosis are always present in 
some degree. The lower leg is paresthetic. Pin-prick is usually 
dull, rarely overpainful and pressure on the muscles as by a blood 
pressure cuff is very unpleasant (Weir Mitchell noticed this tender- 
ness of muscle in some of his causalgias). The arterial oscillations 
are usually diminished. The essential identity of the postphlebitic 
with the post-traumatic complex is borne out by their reaction to 
treatment. Both are dramatically relieved by a sympathetic pro- 
caine block. One such block may cure and several injections of 
procaine at increasing intervals often do so. The postphlebitic 
complex can be broken up also by interrupting the sensory impulses 
upon the inflamed vein ; the post-traumatic disorder, at the “ trigger 
point,” upon tlie attendant blood-vessels and in the somatic nerve. 

The unsolved problem in both the traumatic and phlebitic 
varieties is, of course, the nature of the pain. Leriche,®’® holds that 
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the sjTnpathetic supply to the painful part usually modifies and 
often relieves pain. Sir Thomas Lewis,” on the other hand, maintains 
that there are in the skin ividely arborizing sensory neurons of a 
special sort— nocifensors. These harm their bodies in the posterior 
root ganglia. Through axon reflexes in these neurons, alterations 
occur in the skin and a hypothetical H-substance is formed which 



Fio. .3. — From tlie thromlxisctl femoral vein irritation is communicated tlirnii?^ 
its sensoTj' filaments, tin a somatic nerve and posterior root RanRlion, to sympattiei^ 
elements in the cord, whence outflowinK sj-mpathetic va.^oconstrictinK inipui?'. 
cause constriction of the arterioles (and venules?) close to the capillarj' 
correspondiiiR extremity. At the same time local constriction of the fcinomi .ar c . 
occurs. 

reduces the threshold of pain in the sensory nerves. All this tahc> 
place, he believes, without the mediation of the sympathetic sy.stcm- 
Livingston'- takes the attitude that sympathetic responses o«Jjr 
in the form of r-asospasin in vessels both large and small, as a reac- 
tion to a great variety of peripheral injuries; and that sympatlicU'" 
paraly.sis profoundly modifies these responses and the pains whu > 
go with them— the sort of relief I have been discussing here. In 
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concludes that: "It seems probable that the injury to certain 
tissues starts a cumulative process which is not confined to a single 
nerve distribution and which tends to spread to involve the spinal 
cord in diffuse reflex phenomena in which the sympathetic nerves 
are prominently affected.” 

Comment. I have strajmd from my subject of traumatic vaso- 
motor spasm into the difficult question of the pain mechanism, but 
actually the two problems cannot be separated. In the case of a 
gross local arterial spasm, pain is necessarily a feature. It appears 
with the spasm and disappears with its relief. A reflex starting from 
the irritated vessel and leading, by way of sympathetic neurons, to 
a widespread spasm of collaterals, is usually evident as a secondary 
effect leading to a serious ischemia. With the diffuse and milder 
peripheral vasospasms, such as are seen with and after thrombo- 
phlebitis and in post-traumatic states, pain is also prominent. But 
now its connection with the exciting lesion is less direct and under- 
standable. The sort of injury which excites the pain complex of 
minor causalgia only exceptionally does so. One must believe that 
a peculiar progressive and persistent reflex disorder, involving the 
sensory nerves of the blood-vessels, the spinal cord and the sympa- 
thetic system, occasionally and unpredictably is set up. Pain, 
edema and cyanosis are usually associated. It is hard to see a 
relationship between these chronic states and the gross vasospasms 
until it is realized that the irritation of nerves about an inflamed, 
thrombosed A^ein can occasion exactly the same local and peripheral 
vasospasms and pain complexes as are borne of a great variety of 
injuries. There is yet much to unravel but the interpretation offered 
here has so far proved useful. Imaginative concepts and painstaking, 
accurate studies of pathologic physiology should continue to offer 
solutions for such circulatory puzzles and relieve much suffering 
and disability. 
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The literature contains various reports, based on either gastro- 
scopic or histologic studies, of the frequency of gastritis in cases of 
peptic ulcer. Konjetzny' found gastritis histologically in 100% of 
ids operated patients with peptic ulcer and e.xpressed the belief 
shared by Faber* that gastritis was a precursor of peptic ulcer. He 
stated that the gastritis begins in the antrum and later spreads to 
the body of the stomach. Henning® was also impressed with the 
regularity of gastritis in patients with peptic ulcer following a study 
of a large series of resected stomachs. On histologic study Baker’ 
found that 90% of gastric ulcers were associated with gastritic 
changes, particularly in the antral mucosa, and that 60% revealed 
definite atrophic changes. In about 80% of duodenal ulcere some 
degree of antral gastritis was present and in 30% the gastritis was 
of the atrophic type. Templeton and Schindler'” found ga.strjtb 
in 37 of 44 patients with gastric ulcer and in 49 of 75 patients with 
duodenal ulcer examined gastroscopically. The gastritis was most 
commonly hypertrophic. Atrophic gastritis was found in 4 of the 
cases of gastric ulcer and in 3 of tlic group with duodenal nicer. 
In a later study Schindler and Arndal'® found atrophic gastritis in 
19 of 79 cases of benign gastric ulcer. In a gastroscopic study of 
70 patients with duodenal ulcer Christiansen’ reported the prc^cIK■c 
of gastritis in 43. Superficial gastritis was found in 34 of the 
patient.s, hypertrophic gastritis in 8, and atrophic gastritis in 1- 
Our own studies are based on observations in 40 patients wita 
peptic ulcer, 28 of whom had satisfactory gastro.scopic c-xaminatimb 
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within 1 month from the time that material was obtained for micro- 
scopic examination. Thirty-six of the cases were subjected to par- 
tial gastrectomy, and 4 were studied postmortem (following injec- 
tion of the stomach with formalin immediately after death). Im- 
mediately after the resected material was obtained, it was washed 
with water to remove excess mucus, then gently stuffed with gauze 
and immersed in formalin. In 23 instances large sections contain- 
ing part of the lesser and greater curvature of the stomach were 
obtained as described elsewhere.'^ In 10 of the cases material for 
microscopic examination was obtained within 1 week following the 
gastroscopic examination, in 10 others within 2 weeks, and in the 
remaining 8 within less than 4 weeks. 

The gastroscopic criteria of the various forms of gastritis used in 
this study are essentially those of Schindler.'* A diagnosis of super- 
ficial gastritis was made in the presence of at least two of the 
following changes: (1) excess of mucus (free of air bubbles), (2) 
hyperemia (diffuse or patchy), or (3) edema of the folds. Hyper- 
trophic gastritis was diagnosed when any of the following changes 
were present: (1) verrucous elevations or beading of the rugae, 
(2) polygonal areas, or (3) a cobblestone pattern. These changes 
were usually associated with a velvety appearance of the mucosa 
and a decrease in highlights. Atrophic gastritis was considered to 
be present when either grayish areas or branching vessels were 
visible. These changes were usually associated with improminent 
or absent rugie. 

The microscopic criteria of atrophic gastritis and its arbitrary 
gradations of =*= to IV which we have adopted have been given in 
detail elsewhere. “ The changes consist of varying degrees of (1) 
infiltration between the glands and ducts with plasma cells and 
lymphocytes, (2) infiltration between glands and ducts with con- 
nective tissue, (3) goblet cell metaplasia, (4) decrease in number of 
glands, (5) cystic dilatation of glands or gland ducts, (6) lymph 
follicle hyperplasia and/or increase in number, (7) disappearance of 
chief and parietal cells, (8) distortion of glands or gland cells, or 
(9) decrease in width of the mucosa. (All of these changes need 
not be simultaneously present in a given section.) 

We have considered the presence of hyperplasia (increase in the 
number of glands and in the size of the gland cells) as essential to 
the microscopic diagnosis of hypertrophic gastritis. This type of 
hyperplasia has been described in detail by Letulle’ who pointed 
out that only to this method of increase in the width of the gastric 
mucosa can the term hyperplasia be used. Benedict and jMallory" 
describe the counterpart of the hypertrophic gastritis of the gastro- 
scopist as a chronic gastritis in which there is “ exaggeration of the 
zone of plasma cell infiltration which in some degree is found in 
almost every stomach.” We believe, as Letulle did, that the widen- 
ing due to infiltration of small round cells, plasma cells and fibrous 



330 


JIAIlEll, ZIXNINGER, SCHII-T, SIIAPIKO: 


tissue, as well as that observed when hyperplasia of lymphoid follicles 
has ensued, is not a true hyperplasia or hypertrophy. When these 
processes are associated, as they usually are, with a decrease in the 
glandular elements of the mucosa, atrophic gastritis is present. 

At the present time we do not consider any particular microscopic 
change as characteristic of superficial gastritis. On the basis of 
biopsy studies Schindler* believes that the superficial gastritis seen 
by the gastroscopist consists of edema and plasma cell infiltration 
of the connective tissue stalk between the gland duct openings and 
mucin distention of the cells above the neck cell zone, including the 
surface epithelium with flattening, to a basilar position, of the 
nuclei of these cells. Benedict and ilallory- have described super- 
ficial gastritis as an acute exudative process in which mucin vacuoles 
grow smaller and disappear from the cells above the neck cell glands, 
which they normallj'- completely fill, and in which poljTnorpho- 
nuclear leukocytes appear in large numbers in the interstitial tissues 
of the upper portions of the mucosa. 

In comparing the gastroscopic and microscopic findings of gas- 
tritis in cases of peptic ulcer, there are certain difficulties. The 
antrum which may be the seat of the most marked gastritis in cases 
of peptic ulcer may be poorly visualized gastroscopically. The time 
elapsing between the gastroscopic examination and resection or 
autopsy may permit the appearance or disappearance of mucosal 
changes. The degree of gastritic change in the so-called normal 
stomach needs yet to be determined. Finally, there are certain 
portions of the stomach which are not seen during gastroscopy. 
These include the lesser curvature of the antrum, part of the greater 
curvature along which the instrument passes, part of the posterior 
wall, and part of the fundus. 

It will be seen from Table 1, which lists the gastroscopic findings 
in 28 of the cases in which a satisfactory gastroscopy was carrier! 
out, that the stomach appeared normal in 12 instances. In 10 casc.s 
superficial gastritis was present; in 5, hypertrophic gastritis was 
found; and in 1, there was a combination of superficial and hyper- 
trophic gastritis. In no instance were definite atrophic changes 
found. 


T.Mil.i; 1. — G.AbTIKJ^COI’IC 1'lNinSt.S IN Z.S C.\SKS or Pkitic Ulceh 


Cot'.tro'cojiic aiyKiioi''* 

No, 

of enstne 
ulcer 

No. ca*’'*** 
of duotienal 
ulcer 

Tot.iI 

Normal stomach 

G 

0 

12 

Pur>erficial ca.stritW 

1 

0 

10 

n\T)crtrophic ca'tritis 

3 

2 

it 

Superficial and hjTicrtrophir gastritis 1 

0 

1 

Total 

14 

U 

2S 


* Tim iwH-iiii' only to miii-o-nl rliniiirr* pn-lii-ivi' of tlm prf'-omi- of ulcer. 
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Table 2 depicts tlie microscopic changes in the gastric mucosa in 
the 40 patients studied. Most striking is the presence of an atrophic 
gastritis of Grade II to Grade IV in 35 of the cases. Evidence of 



Fio. 1. — C. S. SG-w-m. Duodenal ulcer. Cystic dilatation of the glands is a 
prominent feature of the atrophic gastritis in this stomach. ( X 160.) 
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hyperplasia was seen in 16 cases and was always associated with 
atrophic gastritis. Photomicrographs from 2 of the cases are shown 
in Figures 1 and 2 emphasizing particularly the atrophic changes. 


Table 2.— MicRoscoric Changes in Gastric Mucosa or 40 Cases or 

Peptic Ulcer 


Microscopic diagnosis 

No. cases 
oi gastric 
ulcer 

No. cases 
oi duodenal 
ulcer 

Total 

Normal mucosa* 

2 

2 

4 

Atrophic gastritis, Grade I 

. 0 

1 

f 

Atrophic gastritis. Grade II to H'' 

. 14 

21 ■ 

35 

Hyperplasia! 

4 

12 

10 

Polypsf ... 

. 0 

2 

2 


* This includes 3 cases of atrophic gastritis. Grade =*= considered normal, 
t These changes are additional to the atrophic gastritis listed above the broken 
line. 


Table 3. — Correlation of Gabtroscopic and Histologic Diagnosis of Gastritis 
IN 28 Cases or Peptic Ulcer 


No. of 


Gastroscopic diagnosis* cases 

Normal mucosa . 12 

Hypertrophic gastritis 5 

Superficial gastritis 10 

Superficial and hypertrophic gas- 
tritis . 1 


Microscopic findings 


.Atrophic 

Atrophic gastritis 

Normal gastritis Hyper- and 

mucosat (I-IV) pla.sia hyperplasia 

- 8 - 4 

- 2 - 3 

3 3-4 


1 


* This pertains only to mucosal changes e.xclusive of the presence of ulcer, 
t Atrophic gastritis, Grade =*=, considered normal. 


Table III emphasizes the rather startling discrepancy between 
the gastroscopic and microscopic diagnoses in these cases. In 
12 instances in ivhich the stomach appeared normal at gastroscopy, 
definite gastritic changes were present in all, the changes being a 
combination of atrophic gastritis and hyperplasia in 4, and atropine 
gastritis in 8. In 10 patients in whom a gastroscopic diagnosis of 
superficial gastritis was made, 4 showed atrophic gastritis and 
hyperplasia, 3 showed atrophic gastritis, and 3 showed either a 
normal stomach or a atrophic gastritis which we consider within 
normal limits. In none of the 10 cases of superficial gastritis, 0 of 
which were examined within 11 days of resection, did we find evi- 
dence of an acute exudative process such as that describe<i hy 
Benedict and illallory in 25 of 33 of their cases with a gastroscopic 
diagnosis of superficial gastritis. Edema, hemorrhage, plasma cej 
infiltration and mucin distention of the cells above the neck cell 
zone with flattening to a basilar portion of the nuclei of thc.'C cells, 
as dcseriiicd hy Schindler, were no more prominent in the ca.scs " ith 
superficial gastritis than in the other cases. 

Of much interest is the fact tliat the atrophic ga.stritis wliich wc 
rcfiorted to he present mieroscopicaily in 2,S of 35 ease.s of gastric 
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cancer“ was largely similar to that described in the group of ulcer 
patients here reported except for the association of hj'perplasia in 
16 instances of the ulcer group. This is contrary to what one would 
expect from the difference in the gastroscopic appearances in the 
two groups of patients. 

Summary. Atrophic gastritis of an arbitrary Grade I to IV was 
found microscopically in 36 of 40 proved cases of peptic ulcer. 
The gastritis did not vary essentially from that previously reported 
in a group of 35 cases of gastric cancer except that evidence of hyper- 
plasia was found in 16 cases. 

The gastric mucosa appeared normal in 12 cases, superficial 
gastritis was present in 10, and either hypertrophic gastritis or 
hypertrophic and superficial gastritis was present in 6 of 28 patients 
who had satisfactory gastroscopic examinations within 1 month of 
resection or autopsy. Microscopically, atrophic gastritis was found 
in all of the 12 cases which were normal at gastroscopy and in 13 of 
the remaining 16. This discrepancy may be explained in part by 
the presence microscopically of a certain degree of atrophic gastritis 
in the so-called normal stomach and by the masking of atrophic 
changes by superficial or hypertrophic gastritis. 

The fact that the gastritis associated with peptic ulcer is largely 
similar to that seen in patients with gastric cancer strongly suggests 
that the gastritis per se may not be a specific precursor of either 
gastric cancer or peptic ulcer. 

The frequent presence of microscopic evidence of atrophic gas- 
tritis in a stomach which appears normal gastroscopically indicates 
the necessity for further study of control groups of stomachs. 
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LATE POSTOPERATIVE FOLLOW-UP STUDIES ON PATIENTS 
WITH RECURRENT APPENDICITIS 

By George J. Willauer, M.D. 

associate IK SURGERY, JEFFERSON MEDICAL COLLEGE HOSPITAL 
PHILADELPHIA, PA. 

AND 

James F. O’Neill, M.D.* 

RESIDENT IN SURGERY, BOWMAN GRAY SCHOOD OF MEDICINE, WAKE FOREST COI.IEOE 

WINSTON-SALEM, N. C. 

(From the B Surgical Service, Jefferson Medical College Hospital) 

Almost all authorities on the subject of right lower quadrant 
pain express warnings to be cautious and thorough in diagnosis and 
treatment, and advise healthy skepticism in condemning the appen- 
dix and advising its removal. Experiences in the surgical follow-up 
clinic certainly corroborate the opinions found in the literature. 

The physician must be cognizant of the many sites of origin 
which right lower quadrant pain may have, for it may spring from 
various intestinal, renal, genital, thoracic lesions or have orthopedic 
and functional sources.*-- The relative frequency with which the 
pain arises from any of these causes is not known since the statistics 
of an individual wwiter will be altered by the specialty in which he is 
engaged. _ . , -i 

It is common experience that careful study of a patient may fail 
to disclose any positive cause for lower abdominal or right lower 
quadrant pain; the diagnosis, therefore, being made by exclusion, 
and removal of the appendix advised. 

If laparotomy is carried out, a gross pathologic lesion may or 
may not be found to account for the patient's symptoms; instead, 
minor degrees of abnormality either in the appendix or in some other 
organ may be encountered and interpreted according to the individ- 
ual opinions of the operator. There are certainly not a few cases 
in which the abdominal viscera appear normal, and here again, the 
description of the operative findings is colored by the thoughts 
(sometimes wishful) of the surgeon. 

Method. In order to study the efficiency of the diagnostic and 
therapeutic measures employed on patients suffering with rigid 
lower quadrant pain, and treated in tiie wards of the B SiirgR"’* 
Service of Jeffenson Medical College Hospital, the histories and 
follow-uj) records of 375 cases were reviewed through the Surgi<’a‘ 
Imllow-Up riinic. In most instances, these patients were diag- 
nosed prcoperativcly as subacute or chronic appendicitis and were 
operated on between 1929, and July, 1940. Tiie period o 

• This work w.-ia ilonp wliiic Rofs P.itfersori Follow in Huri’cry, JcITorson Mr-'^ 
cal College no--r>it.al. . 

With thp kind .assistance of Mi-s Florence Mark of the jefferfon Hospital f n.i 
Up Clinic. 
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postoperative observation varied from 3 months to 11 years (aver- 
age, 22.9 months). Eight patients with similar diagnosis, but in 
whom procedures other than the removal of the appendix were 
performed, are not included in this follow-up study. 

The diagnosis of the pathologist was tabulated in all instances 
in which it could be obtained. The presence of inflammatory reac- 
tion and fecaliths was not tabulated unless mentioned in the path- 
ologist’s report. 

The various types of histologic diagnosis, and their relative fre- 
quency are tabulated in Table 1. Out of the 375 cases, a laboratory 
record of the remoA^ed tissue rvas available in 255. 

Table 1. — Pathologic Diagnosis 


Appendix without microscopic lesion 104 

Lymphoid hyperplasia 75 

Chronic appendicitis 32 

Acute appendicitis 21 

Hemorrhage and necrosis in mucosa 8 

Fecalith in lumen 8 

Fibrosis 5 

Subacute appendicitis 1 

Oxyuris vermicularis 1 

Total . . 255 


Pathologically, the largest group, 104 cases, was made up of 
appendices which showed no evidence of organic disease. In 
75 cases, lymphoid hyperplasia was noted and varied in degree from 
slight to marked. In 32 cases, chronic appendicitis was diagnosed 
histologically, Avhile in 21 cases, acute appendicitis was found. 

The majority of the patients in this series were between the ages 
of 10 and 39; the greatest incidence, 42.4% being in the second 
decade of life (Table 2). 


Table 2. — Age Incidence 


1 to 9 years 

No. 

17 

% 
4 5 

10 to 19 

ti 

159 

42 4 

20 to 29 

(4 

131 

34 9 

30 to 39 

44 

46 

12 3 

40 to 49 

<4 

IS 

4 8 

50 to 59 

(4 

4 

1 0 


There were 231 females and 144 males, a ratio of 1.6 to 1. These 
figures vary somewhat from those given by Zisserman® who, in 
reviewing 391 cases of chronic appendicitis, reported 287 females 
and 104 males, a ratio of 2.7 to 1. The average age for patients in 
his series was 22.4 j-ears. 

In 48.4% of the patients, symptoms had been present at intervals 
for 6 months or more (Table 3) Avhiie only 4% of the total number 
gave no history of any attacks of pain prior to their present illness. 
It is interesting to note that of the 15 patients who were operated 
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Oil following their first attack, 14 were symptom-free postopera tively 
and 1 had occasional pain in the region of the scar. 

Tabi.e 3. — History of Attacks 



No, 

% 

2 years and over .... 

... 91 

24.2 

1 to 2 years 

... .31 

S.O 

6 months to I year 

. . 61 

16.2 

Less than 6 months 

. . 110 

29.4 

No previous attack . 

15 

4.0 

Not noted . . ... 

... 67 

17. S 


Pain was the chief symptom in all except 1 patient, and was 
present in the right lower quadrant onlj' in slightly more than half 
of the cases (51.7%) (Table 4). 


Table 4.— Location 

OF Pain 

No. 

% 

Right lower quadrant 

194 

SI. 7 

Generalized, localizing in R.L.Q. 

35 

0 4 

Epigastric, radiating to R.L.Q. 

28 

7.4 

Umbilical radiating to R.L.Q. 

IS 

4.7 

R.L.Q. radiating to loin or back 

18 

4.7 

R.L.Q. radiating to L.L.Q. . 

16 

4.2 

Epigastric 

13 

3.4 

R.L.Q. radiating to right thigh 

11 

2.9 

Pori-umbilical or generalized 

10 

2.6 

R.L.Q. radiating to R.U.Q. 

8 

2.1 

HjTiogastric 

3 

0.8 

R.U.Q. radiating to loin 

0 

0.5 

"All over abdomen” 

1 

0.3 

No pain 

1 

0 3 

Not noted 

17 

4 5 


Other types of pain, varying in location and radiation, made up 
the rest of the group. The patient who had no pain, a 23 -ycar-ol(i 
male, complained of nausea and abdominal distention for 2 year.- 
prior to admission. At operation, his appendi.x was found to he 
iiard, elongated and slightly injected. However, following appen- 
dectomy, he has been symptom-free. 

Nausea was present in about one-third (32.2%) of the cases, 
vomiting alone in S.5% and nausea with vomiting in 24.1% of the 


cases. . . 

The leukocyte counts were within normal limits in the inajorit^ 
of cases. 3’his was probably due to the mild or moderate degree of 
the illness, plus the fact that many leukocyte counts were made 
during the so-called “interval” period between attacks of pain. W 
the leukocyte counts made, 08.3% were between 5000 and lO.Of 
per c.mm.; 5.1% were below this figure, 10.0% were above it, am 
in 9.0% of the cases, no records of leukocyte determinations were 
found. 


Operative descriptions indicated that some appendices v'cri 
normal, .‘'Ome were kinked or were fi.xed by adhesions or congenita 
bands, and were said to show various grades of inflammatory rea'- 
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tion or serosal injection. Speaking from the gross pathologic aspect, 
evidences of inflammation were described in 105 cases from that 
group having a pathologic report. Yet, if the laboratory findings 
were reviewed and the chronic, subacute and acute appendices 
totaled, there were only 54 cases in which the pathologist corrobo- 
rated the clinical opinion. 

There were 49 cases in which fecaliths were reported in the opera- 
tive notes (Table 5). Forty-three of these patients had no pain 
postoperatively and the remaining 6, with postoperative symptoms, 
had had recurrent attacks of right lower quadrant pain accom- 
panied by nausea and vomiting before admission to the hospital. 
The duration of onset varied from 8 days to 1| years before opera- 
tion, at which time nothing but the removal of the appendix was 
performed. Of the 6 with postoperative symptoms, 1 woman had 
pain only after walking rapidly. Four (2 men and 2 women) had 
pain only when constipated. The third man had occasional return 
of his preoperative pain, which he cannot associate with any activity 
or function. He has a history of a loss of 20 pounds in weight and 
diarrhea but no note has been made as to any investigation of these 
symptoms. In this group having the lumen of the appendix ob- 
structed by fecaliths, 87.8% were symptom-free after operation. 
Four of the 6 patients with right lower quadrant pain postopera- 
ti\'-ely accompanied by constipation no doubt have symptoms be- 
cause of increased pressure in the cecum as a result of a spastic colon 
and a competent ileocecal valve. 


Table 5.— Intbaluminal Obstruction 


Findings 

Symptom-free 

Pain following 
appendectomy 

Fecaliths 

. . . 43 

6 

Oxyuris vermicularis 

. . . 1 


Total 

... 44 

6 

Percentage .... 

. . . 88 

12 


In 27 patients the appendix Avas found to be in the retrocecal 
position. 

Clinically, 21 patients Avere felt to have normal appendices, 
AA'hereas histologically it was reported 104 times. ObstructiAm 
phenomena, due either to malposition or kinking, or containing 
tecaliths, noted clinically and absent pathologically, Avill account 
for many of the apparent discrepancies betAveen the clinical and 
pathologic diagnosis. Wangensteen'’ had demonstrated that an 
increase in intraluminal pressure of an otherAvise normal appendix 
causes pain. 

In 9 cases, enlarged mesenteric nodes Avere reported, but in only 
2 instances in this series AA’as diagnosis of mesenteric adenitis made 
before operation. All 9 patients Avere s;^unptom-free postoperatiA’ely. 
Histologic examination of the group shoAA'ed 3 appendices Avith 
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lymphoid hyperplasia, 2 normal and 1 with signs of chronic inllaiu- 
mation. In 3 cases no pathologic report was secured. 

Pathologic changes were noted in abdominal viscera other than 
the appendix in 32 patients; 29 females and 3 males. Table C shows 
the pathologic changes in these organs and the symptomatic results 
obtained by operation. Out of this group, 25 patients (78%) were 
S 3 'mptom-free postoperatively ; I patient (.3.1 %) had a definite recur- 
rence of her preoperative pain, and 6 patients (18.7%) complained 
of some abdominal discomfort, difficult to evaluate, yet sufficient to 
prevent their classification among the group cured. 


Table G.— Pathologic Changes in Othek Ougans 


Pathologic changes noted Sex 

Retrovertocl uterus . F 

F 

Cyst of right tube F 

.Simple cyst of right ovary F 


F 

F 

F 

F 


Adherent right ovary F 

F 

Redundant colon F 

F 

F 

Adhesions between gall bladder 
and stomach M 

Pfotic kidney, right F 

F 

F 

Distended gall bladder M 

Peritonitis IM 

Fluid in pelvis F 

Injected ileum F 

F 

Enlarged right lolic of liver F 

Mesenteric adenitis . F 


F 

F 

F 

F 

F 

F 

F 

F 


rdlow-up 
Occ. pain in R.L.Q. 

.Same pain; worse at menses 
Symptom-free 

4i 


it 

Occ. R.L.Q. pain 
Oec. R.L.Q. pain 

Symptom-free 

(( 

Soreness in R.L.Q. 
Pain in L.L.Q. 
Symptom-free 


Painful BC.ar 

Symptom-free 

«< 


4« 


4< 


Results. The .symptointitie rc.sult.s observed, interpreteti aiu 
tiibulated in the Follow-l'p Cliitic arc given in Table 7. 
were no tleatli.s. Two hundred and .sixty-four patients (70.4, d 
were free of pain and are clas.sified as cured. The symptoin.s pre- 
senttTl by the remaining patients were .sometime.s difficult tf» 
no.’^e. It was iinpos.sihle to determine whetiier their po<topcrati\£ 
.symptorn.s were partly or entirely the .same a.s their prcopcru 
one.'., or whether they had developed new comj)laint.s since 
the hospital. Eighty-four patients had po.stoperativc pain diucrin- 
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in nature from their preoperative symptoms. All had some degree 
of abdominal discomfort varying in location, radiation, and fre- 
quency of occurrence, and were difficult to classify because of the 
wide range of variability. They are regarded as unsatisfactory 
results and will require further observation to determine whether 
their postoperative complaints are related to, or independent of, 
their preoperative symptoms. One patient, a 37-3'^ear-old male 
whose preoperative diagnosis was appendicitis and who was operated 
on in May 1933, was readmitted in 1934, 1935 and again in 1939 
because of hemorrhage from a duodenal ulcer. He refused surgery 
until his fourth hemorrhage in April, 1941, when a subtotal gastrec- 
tomy was done. Undoubtedly, his original difficulties were due to 
a duodenal ulcer, unrecognized because of atypical symptoms. 

Table 7.— Symptomatic Results Referring to Pain 


Pain- Pain Hypo- 

No Same M on Pain in Abd. gastric RUQ Not 

Pathologic diagnosis pain pain scar effort RLQ, LLQ pain pain pain Ulcer noted 

Appendix without microscopic lesion 75 10 3 2 10 3 .. 1 

Chronic 24 2 3 1 . 2 

Subacute 1 

Acute . . . 18 . . 1 . . 2 

Lymphoid hyperplasia 52 1 3 1 12 G 

Fecaliths ... 51 .1 

Hem. or necrosis in mucosa 4 2 . 2 

Fibrosis .2 12 

Oxyuris vermicularis 1 

No pathologic report . 83 113 17 1 2211 


Totals . 2G4 27 13 5 47 12 2 3 1 1 

Percentage . 70 4 7 5 3 5 1 3 12 5 3 2 . 5 . 7 . 2 2 


It was definitely thought that 27 patients had exactly the same 
pain postoperatively as they had complained of preoperatively. In 
this group were 19 females and 8 males. Their appendices were 
classified pathologically as follows: normal, 10; hemorrhage in 
mucosa, 2; chronic inflammation, 2; lymphoid hyperplasia, 1; fecal- 
iths, 1 ; no pathologic report, 1 1 . 

Eight patients in this group suffered from moderate to severe 
dysmenorrhea, associated with menstrual irregularity. Two of the 
patients were thought by the psychiatrists to have mental retarda- 
tion and psychoneurosis, while 4 others, who were not definitely 
diagnosed as neurotics, might well be classified among this group, 
judging from their chronic and bizarre symptomatology, the organic 
origin of which was never demonstrated by thorough study. 

A 43-year-old man, unimproved following appendectomy, has 
Roentgen ray evidence of right sacro-iliac arthritis. His appendix 
had shown lymphoid hyperplasia. A 22-year-old woman had a 
fractured pelvis 2 years prior to admission. When first allowed to 
walk following her injury she had pain in her right lower quadrant. 
She then began to have attacks of right lower quadrant pain accom- 
panied by nausea and vomiting and aggravated during her men- 
strual periods. She had tenderness in her right lower quadrant 
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extending around to her right flank. Roentgen ray examination of 
her bones showed a normal pelvis but an old injury to the transverse 
process of her fifth lumbar vertebra. Appendectomy was done, and 
at operation the patient was found to have a bleeding left ovarian 
cyst. Following operation she had a recurrence of the pain in her 
right lower quadrant. It was difficult to determine whether the 
patient’s sj-mptoms were due to ovarian dysfunction or the referred 
pain as a result of her old injury. 

Good follow-up records concerning the condition of the operative 
scars were secured in all but 82 eases (Table 8). The vast majority, 
255, were painless and well-healed. Two patients had weak scars 
with evidence of partial separation of the fascia, but no definite 
hernia. Four patients complained of some “bulging” or a transient 
“lump” in their incision. In only 1 of these was there a vague 
sensation of an impulse on straining. No definite hernias were 
found. 

Table 8.— Condition or Scabs 



No. 

% 

Painless and well healed 

255 

CS 0 

"Weak" 

2 

0 5 

Hernia (?) 

4 

1.0 

.Sear occasionally painful 

14 

3 7 

Scar painful on exertion 

4 

1 0 

Scar painful in damp weather 

2 

0 5 

Keloid formation 

12 

3 2 

Not noted 

82 

22.1 

Tot.al perrcntaKc . . . . 


100 00 


Twelve cases of keloid formation were presented. No wound 
infections were reported, however. 

Discussion. Analysis of our follow-up records of 375 cases of 
appendicitis, almost all of which were recurrent, indicates that oar 
experiences agree closely with those reported from other clinic- 
Tiie percentages of cures, following appendectomy, reported in 
various authors vary between 74% and 87%. Of our 375 cases. 
2(»4 (70.4 %) were completely cured of any preoperative .symjitoai' 
following appendectomy, and a total of 348 (92,8%) were cither 
completely or partially relieved of pain. The remaining 27 patient.' 
(T.2''r) had exactly the same postoperative pain as they had pre- 
operatively. In a recent article on this subject, Warren and Hallan- 
tine^ report that, following operation, three-fourths of their patient' 
with rci nrront right lower (luadrant pain were either complcteb or 


partially relieved. 

The ojiinion of the pathologist concerning the appendix ma> 
may not be significant; but every organ removed should certain} 
be submitted for laboratory I'.vaminntion. It is to be exjicefed that 
many appendici^ demonstrating adhc,Mons, kinks or congenital bam 
will .'how no internal niicro-inpic patiiologie change, .\s tlie F>at ^ 
ologi't i' not in a' goo<l a po'ition a*; the .surgeon to evaluate 
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significance of such instances, it seems justifiable to adhere to the 
surgical description, and to regard the pathologist’s report as of 
minor importance in formulating the final diagnosis. When, how- 
ever, the pathologist corroborates the clinical description of an 
inflamed but otherwise normal appendix in only 54 out of 166 in- 
stanees, a serious discrepancy exists. As the histologic diagnosis of 
inflammation is unquestionably the more objective, it should be 
taken as the standard. Most of the difficulty is really the result 
of inadequate terminology, as is often the case in medical disagree- 
ments. It is inaccurate to diagnose mechanical appendiceal lesions 
as inflammatory — an error that surgeons commit each time they 
make a diagnosis of chronic appendicitis. Until more accurate 
nomenclature is adopted, the term “recurrent” is probably the least 
incorrect, and is to be preferred to the adjective “chronic.” 

The group of 27 patients who had a recurrence of their preopera- 
tive pain, as well as the patients who had various other postoperative 
pain, are admittedly difficult to classify. As a group, there are 
certain features which stand out. Two-thirds of these individuals 
are women with a definite history of irregular menstruation and 
dysmenorrhea, suggesting endocrine dysfunction. Some are con- 
stipated or complain of anorexia, belching, bloating and indigestion. 
Three were described as very poorly nourished. This presents the 
problem of dietary deficiencies, particularly referring to the insuffi- 
cient intake of the B complex. Since this factor is known to have a 
specific relation to gastro-intestinal motility, the lack of an adequate 
intake of it may give rise to signs and symptoms mimicking appendi- 
ceal or gall bladder disease.® 

Four of these patients, we now believe, are neurasthenics, and 
while caution must be exercised in making such a diagnosis, it should, 
when proper evidence is at hand, be made, and appendectomy not 
advised. 

Regular periods of observation in the follow-up clinic is the only 
accurate method of determining the status of a group of patients 
presenting a varied symptomatology and who were clinically diag- 
nosed as appendicitis. 

Conclusions. An accurate observation of the patient and a study 
of his symptoms are necessary before advising appendectomy. 
Three hundred and twenty-four of our patients were hospitalized 
12 days or longer, giving the ward surgeon 2 to 4 days to observe the 
case. Thirty-five others Avere hospitalized from 21 to 37 days. 
On all of these patients hospitalized longer than the aA’^erage case of 
appendicitis, Ave made special studies such as urograms, serial exam- 
ination of catheterized urine, and gastro-intestinal Roentgen ray 
examinations, particularly the barium enema. We reA’icAved the 
studies recorded on the histories but were unable to discover the 
discrepancies betAveen the clinical and patliologic diagnosis. 
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We urge that nutritional deficiencies be given greater considera- 
tion in the group of patients diagnosed clinically as having recurrent 
appendicitis. 
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THE ABSORPTION, EXCRETION AND TOXICITY OF PENICILLIN 
ADMINISTERED BY INTRATHECAL INJECTION* 

By Charles IL Rammelkamp, iM.D. 

AND 

CheinTer S. Keefer, iM.D. 

BOSTO.V, MASS. 

(From tlie Evans Memonal, Massachusetts Memorial Hospitals, and the Dcjiartmcnt 
of Medicine, Boston University School of Medicine) 

In view of the fact that certain types of meningitis fail to respond 
satisfactorily to therapy with the sulfonamide drugs, a study ivas 
undertaken to determine the effectiveness of penicillin treatment 
in staphylococcal and pneumococcal meningitis. As a part of this 
investigation the absorption, excretion and toxicity of penicillin 
following intrathecal injection were studied. 

Materials and Method. In all, 6 subjects received intrathecal injection' 
of penicillin. They included 1 patient with idiopathic epilep'-y, I 
rheumatoid arthritis, 2 with meningiti.s and 2 with brain ab.=ce.« and men- 
ingitis. During the period of study the fluid intake was not limited. 

An 0.S.")''c solution of sodium chloride containing 1000 Florey unit' ol 
the sodium salt of penicillinf per cubic centimeter wa' used in each subject. 
This solution was stored at 5° C. until the time of injection. 

After the removal of at least 10 cc. of spinal fluid, penicillin, v-arj'ing 
from 3000 to 10,000 Florey units, was injected intrathecally. For .as long 
as 7 hours after the penicillin had been administered numerous .cainjnc- »• 
blood were withdrawn from the anteciibital vein. The blood was jilacfxl in 
sterile tube-s and allowed to clot, following which the serum was .“oparato 
by centrifugalization. , . . 

Hepeafocl lumbar punctures were perfonned .sub-equent to the injection. 
.\ftcr the intrathecal pressure had been measured 1 to 10 ec. of fluid "H" 
rcmo\’cd and the number of cells per cubic millimeter recorded. In addition, 
in 2 subjects fluid was obtained at time of autopsj’ from the vcntncuiar 
sy!.tem. 

' In .several subjects all urine was collected for a period of 24 to 48 
The-c s[>ccimcns were obtained in sterile containers from males nmi >■ 
catheterization from females. The .sample- of blwd serum, .sjnnal fluid an* 

• .Siiiiportcsl liy .a crtint from iht> John-on Re^o.-irch Foundation, New Boi'e-o 

N. J. ,f 

i Wo are indci)t«-l to Dr. Ooorgo .\, ILarrop, (ho .Souiliii In“tit'de fo' - le. 
Ro-ovroh. Non , N J . for n Iiln-nil -upiiij of p'-ni'-niin. 
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urine Avere stored at 5° C. until the time of testing. If a sample Avas known 
to be contaminated, it AA’^as passed through a Seitz filter to effect sterilization. 

The method used to determine the concentration of penicillin in body- 
fluids has been described in detail elseAA'here.® Briefly, it consists of making 
3 to 14 serial dilutions of 0.2 cc. of the unknoAvn sample. As a control, a 
standard solution of penicillin containing 4 Florey units per 0.2 cc. is diluted 
in a similar manner. To the various dilutions of the control and unknoiAui 
samples is then added 0.5 cc. of A^eal infusion broth containing 1 % erythro- 
cytes and 1000 to 10,000 hemolytic streptococci. All tubes are incubated 
for 18 to 24 hours and then examined for groAvth. Repeated tests haA'^e 
demonstrated that the smallest amount of penicillin required to sterilize 
the culture is 0.0039 Florey unit. By observing the greatest dilution of the 
unknoAvn sample in Avhich all streptococci are killed, it is possible to deter- 
mine the concentration of penicillin in the sample.* 

RESULTS OF INTRATHECAL ADMINISTRATION OF PENICILLIN 
IN A NORMAL INDIVIDUAL 



Fig. 1. — Results of intrathec.al administration of penicillin in a normal individual. 


Results. Absorption, Excretion and Toxicity in S^ihjects Without 
Brain Abscess or Meningitis. Figure 1 shoAA’'s the essential obsein’a- 
tions made on Subject 1, a male 17 years of age Aidth idiopathic 
epilepsy, after the intrathecal injection of 10,000 Florey units of 
penicillin. With the exception of one sample of blood obtained 
70 minutes after the injection, the serum contained no appreciable 
amount of penicillin. Six hours folloAAdng the injection the spinal 
fluid contained 25 Florey units per cc. The leA'el then fell rather 
rapidly so that at 31.5 hours there aa'rs only 0.078 Florey unit per cc. 
and at 72 hours no trace of penicillin remained. 

* All fifuircs recorded iti this paper on the conceutratiou of peuicillin in body fluids 
are subject to the errors of dilution methods in general. 
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Not included in Figure 1 is the excretion of penicillin in the urine. 
There was apparently a suppression of urine formation in this subject 
since the first specimen of 30 cc. was passed 18 hours after the 
injection. This sample contained 75 Florey units. The total volume 
of urine in the first 37 hours of observation was 819 cc. and the 
total number of Florey units of penicillin excreted was 997. The 
total excretion amounted, then, to about 10% of the administered 
dose. 


The intrathecal injection of 10,000 Florey units resulted in a 
great increase in the number of cells in the spinal fluid. At 6 hours 
the leukocytes numbered 570 and at 18 hours reached a peak of 
4170 per c.mm. The number of cells gradually decreased so that at 
96 hours a total of only 250 leukocjdes was recorded. Of some 
interest is the fact that all cells were actively motile. Concomitant 
with the cellular response in the spinal fluid, the number of leuko- 
cj-tes in the blood increased from 7250 to a maximum of 18,600, 
29 hours after the injection of penicillin. 

Within 45 minutes after the injection the subject complained- of 
a severe headache. This complaint was relieved by O.OG gm. of 
codeine sulfate. At 4 hours the headache recurred and was asso- 
ciated with vomiting. A lumbar puncture performed 6 hours after 
the injection showed that the pressure had increased from 130 to 
210 mm. of water. The headache was only partially relieved when 
the pressure was reduced by the remo\'al of several cubic centi- 
meters of spinal fluid. The headache and vomiting continued for 
the first 24 hours and thereafter gradually diminished. There was 
no rigidit}' of the neck or elevation of temperature during this pcrlwl. 

Suljject 2, a male 28 years of age with rheumatoid arthritis, 
received 5000 Florey units of penicillin intrathecally. No toxic 
sj-mptoms followed the injection other than a mild headache which 
lasted only .30 minutes. Blood samples obtained at frequent inter- 
vals during the first 4 hours of observation failed to show any peni- 
cillin in the serum. As is shown in Figure 2, the spinal fluid con- 
tained 31.2 I'4orey units per cc. S hours after the injection. 

’20 hours the concentration had dropped to 0.G25 Florey unit and 


at 4“! hours all traces of penicillin had disappeared. 

In this subject the maximum leukocyte response recordetl 
spinal fluid was 740 per c.mm. at 20 hours after the injection, the 
number of leukocytes fell rapidly and at 98 hours only .60 cell.j p<’r 
c.mm. remained. The spinal fluid pressure was not elevated anf'c 


a normal level during the period of observation. 

The e.xcretion of penicillin in the urine was delayed; however. •* 
total of 1121 Florey units was found in the urine <luring the nr-'^ 


24 hours. _ 

Ayorpdwt nm! Exrrdion in Sjihjrch With Mrningiiif- ^iibj‘'^'^ 
a female aged 23 years with miliary tuberculosis and tuherenkn 
meningitis, receivcfi an intratlieejd injection of JO.OOO Morey uu^'- 
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Figure 3 shows the results obtained. It will be noted that 0.078 
Florey unit per cc. of serum was found in the first sample of blood 


RESULTS OF INTRATHECAL ADMINISTRATION OF PENICILLIN 

IN A normal individual 



Fig. 2.— Results of intrathecal administration of penicillin in a normal individual. 


CONCENTRATION AND EXCRETION OF PENICILLIN 
AFTER intrathecal INJECTION 



{jOjOOOA I 2 3 A 5 6 7 9 II 13 15 17 

HOURS 


I'lG. 3. Concentration and excretion of penicillin after intrathecal injection. 

taken 15 minutes after the injection. Thereafter, all samples of 
scrum obtained at intervals up to 7 hours continued to show a sig- 
nificant level of penicillin. 
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The level of penicillin in the spinal fluid decreased rapidly, as 
shown by the low concentration of 0.625 Florey unit per cc. of fluid 
in the 10-hour sample. At 17 hours the spinal fluid contained only 
0.078 Flore}' unit. 

Before penicillin was injected the intrathecal pressure was 
300 mm. of water and 10 hours later it was 500. At 17 bovrs after 
the injection the pressure had fallen to 320. At no time duriiip 
the period of obser^•ation were there any untoward symptoms. 

The total volume of urine passed during the collection period of 
17 hours and 30 minutes was 478 cc. This urine contained 7S4S 
Florey units (78% of the administered dose). 


concentration and excretion of penicillin 
IN meningitis after intrathecal injection 



injection. 


Subject 4, a .o-inonth-old female infant with Type VIII pnciimo- 
cfiecal meningiti.s, was given 3000 Florey units intrathecally. O' 
addition, this patient received an intravenous injection of 
I'lorc}' units ever}- 4 houns. No blood or urine samples were stiidie* ■ 
The .spinal fluid obtained just prior to the intrathecal injeetio” 
contained 1700 leukocytes per c.min. Twenty-four hours lutcf | F 
fluid contained (>-}00 icukocyte.s anti 0.62.5 Florey unit of })cnKT lu 
per cc. .\ second intrathecal injection wtis given a nd 0 hours late. 
the inf.'Uit tlied. Fluid obtainerl at time of autopsy from hotli t a 
si)inal canal and the cisterna magna contained 2.5 hlorcy uni 
per cc. 4’iie heart's blood eontaincfl 0.f)25 Florey unit per '<• 
scrum. _ 

.ili.'tftrplioii ami Exrrciiau iti Suhjrrh Willi Brain 
MmBifjith. Fimirc 4 shrnv.s the ab.'orption and e.xcrctiori of P'U 
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cillin in Subject 5 , who received an intrathecal injection of 10,000 
Florey units. This patient, a 34-year-old woman, dei^eloped a brain 
abscess and meningitis secondary to chronic empyema. Following 
the intrathecal injection, penicillin ivas absorbed so that the samples 
of blood taken 1, 2 and 3 hours later contained 0.039 Florey unit 
per cc. of serum. 

The leukocyte count prior to penicillin administration was 15,624, 
and 12 hours after it was 51,000 per c.mm. of spinal fluid. The 
count then fell rapidlj^ so that at 21 hours the fluid contained 
11,980 cells per c.mm. 

The subject excreted penicillin over a period of 28 hours, the 
largest amount being excreted in the first 6 hours. The sample 
obtained 6 hours after the injection contained 2310 Florej'’ units, 
which was 23 % of the administered dose. In all, only 2727 Florey 
units were excreted in the urine. 

Spinal fluid obtained by lumbar puncture 6 hours after the intra- 
thecal injection contained 5 Florej'- units per cc. At 27 hours the 
concentration had fallen to 0.019 Florey unit, and at 40 hours no 
penicillin remained. 

Sixty hours after the first intrathecal injection, a second dose of 
5000 Florey units was given. -Two and a half hours later the spinal 
fluid contained 10 Florey units per cc. The patient died 5 hours 
after the second injection, and fluid obtained from the third ven- 
tricle at postmortem was found to contain 0.039 Florey unit. 

Subject 6, a 42-year-old man with a diagnosis of brain abscess, 
meningitis and chronic empyema, was given an initial intrathecal 
injection of 10,000 Florey units. No studies were made on the 
blood concentrations or the urinary excretion, since in addition to 
the intrathecal injections the patient received 35,000 Florey units 
subcutaneously. The initial leukocyte count in the spinal fluid was 
1260 per c.mm. At the time of the second lumbar puncture 24 hours 
later it was 4600, and the fluid contained 1.25 Florey units per cc. 

An injection of 5000 Florey units was made at the time of the 
second lumbar puncture, and 24 hours later the fluid contained 
0.039 Florej' units per cc. and the cells numbered 4600. Fortj'-eight 
hours after this injection there was no penicillin in the spinal fluid 
and the leukocj-te count was 1530. 

A third and fourth injection of 5000 Florey units each were made, 
and 24 hours after each injection the spinal fluid contained no 
penicillin. The leukocj’te count 7 daj's after the initial injection 
of 10,000 Florey units was 136. At no time did the patient displaj' 
toxic sj-mptoms during the penicillin administration. 

Discussion. It has been demonstrated that penicillin does not 
pass through the blood-brain barrier in significant quantities follow- 
ing an intravenous injection of the substance." However, absorp- 
tion of penicillin was observed when injected into closed cavities." 
In general, it was found that the absorption and excretion of peni- 
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cillin injected into the body cavities were likely to be delayed. In 
1 subject the chest fluid aspirated 22 hours after the local injection 
of 10,000 Florey units showed a concentration of 0.78 Florey unit 


per cc. ' 

The abo^•e observations, together with the fact that penicillin is 
relatively non-toxic for tissues in general, led to the study of the 
absorption and excretion of the substance after intrathecal injection. 

In a subject (So. 1) with idiopathic epilepsy, little penicillin wni 
found in the blood serum following the intrathecal injection of oOOO 
to 10,000 Florey units. After the injection of 10,000 units the spinal 
fluid obtained 31.5 hours later still contained an appreciable quan- 
tity of penicillin. The excretion in this subject was slow and the 
total amount small. In the first 18 hours only 75 Florey units were 
excreted in the urine. This low figure, which is in distinct contrast 
to the excretion observed after intravenous injections of penicillin 
is partially explained by vomiting and renal suppression. The total 
amount found in the urine during the first 37 hours was about 10^ 
of the administered dose. 

When 5000 Florey units were injected into the hiinbar area of 
another sul)ject (Xo. 2), with rheumatoid arthritis, a concentration 
of 0.025 Florey unit per ec. of fluid was observed 20 hours after the 
injection. E.xcretion in the urine, although delayed, was in greater 
quantities than in Subject I . The total excretion in the first 24 hours 
was 22% of the adinini.stered dose. 

In Subject 3, with miliary tuberculosis and tuberculous meningiti'* 
the intrathecal injection of 10,000 Florey units was followed h\ 
the appearance of appreciable amounts of penicillin in the blood 
stream for a period of 7 hours. The spinal fluid at 17 hour> con- 
tained 0.078 Florey unit per cc. and the total e.\cretion of penicillin 
amounted to 78% of the administered dose. In Subjeetdwith pneu- 
mococcal meningitis, who received intravenous injections of pcnc 
cillin in addition to 3000 Florey units intrathecally, the spinal fluid 
contained 0.025 Florey unit 24 hours later. 

Subject 5, with brain absce.ss and meningitis secondary to chroni'' 
empyema, received 10,000 Florey units and subsequently -sIka'ci 
penicillin in the blood serum rluring the 3 hours in which saniplt' 
were taken, 'i’he .spinal fluirl contained significant amounts of peni- 
cillin for 27 hours. Excretion in the urine totaled 27% of A" 
administered flose. Subject (>, with brain absce.-'S, meningiti" au'^ 
chronic cinjjycma, sluiwcd a significant concentration in the '■p'ua 


fluid 24 hour.s after the injection <jf 10,000 Morey units. 

The fact that i)cnicillin appeared in the blood stream for '■e\ew 
hours after the injection in patients with meningitis, tfigether | 
the increa'cd excretion ob'crviil. -nggcsts that penicillin i- ab-or 
nn)re rajiidly hen the ineninue^ are inflamed. The results obtain'^' 
after the injectum into clo'cd eax’ities" were similar to the '’b'‘'’^" 
tion- made aft(T intrathecal injection' in normal subject' m 
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absorption was slow and the total amount excreted in the urine was 
small. Further, significant amounts of penicillin remained in the 
spinal fluid for a period of 24 hours. 

It has been demonstrated previousl}'^ that the intravenous injection 
of penicillin is not accompanied by toxic reactions.’ If penicillin is 
to be injected locally in the treatment of infections of the brain and 
meninges, it is of great importance to know what toxic effects may 
be produced. The present study shmved that an intrathecal injec- 
tion of 10,000 Florey units in a normal subject was followed by 
nausea, vomiting and headache. At the same time there was an 
increased intrathecal pressure and a pleocytosis of 4170 per c.mm. of 
spinal fluid. When 5000 Florey units were injected into a normal 
subject, the only toxic symptom noted was a mild headache. There 
was a slight increase in the number of cells in the spinal fluid without 
an increase in the intrathecal pressure. In both subjects the leuko- 
cytes in the fluid were actively motile. 

In the presence of meningitis or brain abscess the injection of 
3000 to 10,000 Florey units was not attended by anj' toxic symp- 
toms. One subject (No. 3) showed a slight increase in the spinal 
fluid pressure. All subjects showed a slight but definite increase in 
the number of cells in the fluid. 

In general, then, the toxic reactions produced by intrathecal 
injections of 3000 to 10,000 Florey units are not severe, and this is 
especially true when 5000 Florey units or less are administered. 
The leukocj-te response is similar to that observed after spinal 
anesthesia, lipiodol, serum or air injections.® 

The observations made in 2 subjects (Nos. 4 and 5) showed that 
lienicillin was present in significant concentrations in the cisterna 
magna and the third ventricle at the time of autopsy. This indicates 
that lumbar injections will result in a diffusion of the antibiotic 
agent throughout the ventriculo-subarachnoid space. 

Penicillin has been shown to be extremely effective as an anti- 
bacterial agent against the streptococcus, pneumococcus and staph- 
ylococcus.’ Meningitis or brain abscess caused by the latter two 
organisms lias been rather resistant to sulfonamide therapy.- It is 
suggested, therefore, that the intrathecal injection of penicillin may 
be effecti\-e in the treatment of these forms of meningitis, since an 
cflective local concentration of the active substance can be main- 
tained for a period of about 24 hours without undue toxic reactions. 
In general, the initial dose should not exceed 10,000 Flore;s" units 
and subsequent doses of 5000 units each may be injected at intervals 

“P hours. If bacteremia is present, it is well to administer 
penicillin intravenously as well as intrathecally. 

Summary, Data are presented concerning the blood and spinal 
fluid concentration and the urinary excretion of penicillin after the 
intrathecal injection of 3000 to 10,000 Florey units in normal sub- 
jects and patients with meningitis. 
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In normal subjects, penicillin was slowly absorbed and slonb 
excreted in the urine following the injection of 5000 or 10,000 Florcv 
units. It was detected in the spinal fluid for 31.5 hours after the 
injection of 10,000 Florey units. 

In subjects with meningitis, absorption of penicillin after intra- 
thecal injection was more rapid than in normal individuals. Like- 
wise, a greater amount of the administered dose was excreted in 
the urine. Penicillin was detected in the spinal fluid 24 hours after 
the injection of the antibiotic agent. In 2 subjects who died, peni- 
cillin was demonstrated in the cerebrospinal fluid removed from tlie 
third e-entricle and from the eisterna wagna. 

In a normal subject the injection of 10,000 Florey units 
followed by headache, vomiting, increased intrathecal pre-ssurc and 
phagocj'tosis in the spinal fluid. After the injection of 5000 Flnrci 
units no symptoms were noted other than a slight headache and a 
slight increase in the number of leukocytes in the spinal fluid. In 
subjects with meningitis no untoward sjuiiptoms were noted follow- 
ing the injection of 3000 to 10,000 Florey units. 
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THE FIBRINOLYSIN TEST FOLLOWING HEMOLYTIC STREPTO- 
COCCAL INFECTIONS 

By Hekmi.x' Yvx.n’i.t, M.P. 
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inmates of an institution for the mentally retarded, afforded an 
opportunity to study the effect of various factors on the incidence 
and persistence of plasma antistreptococcal fibrinolytic activity. 

Procedure, Material and Methods. The inmates were housed in 15 
cottages, each having a capacity from 25 to 60 beds. The patients con- 
tracting the infections lived in 10 of the cottages. At the onset of the 
disease, the patients were removed from their respective cottages, treated 
in the hospital until completety recovered, and then returned to their 
original cottages. Throat cultures were obtained routinely on all hospitel 
admissions. Cultures from superficial skin lesions, nasal and vaginal dis- 
charges were obtained when these manifestations were noted. Only those 
individuals from whom the beta hemotytie streptococcus could be isolated, 
and who showed clinical evidence of streptococcal disease, were included 
in this stud}^ 

The first blood sample was obtained from 2 to 4 weeks following the 
onset of the acute infection. Subsequent samples were taken at approxi- 
mately monthly intervals thereafter. At least 6 monthlj'’ e.\'aminations 
were carried out on all patients. 

Rhinopharjmgitis or tonsillitis was present in 25 patients; 3 had sup- 
purative otitis media; 2 scarlet fever; 1 erysipelas; and 1 patient had 
streptococcal vaginitis with localized dermatitis. All patients recovered 
without an.v significant complications. 

During the acute stage of the infection, the patients were treated symp- 
tomaticalty ex'cept for 9 cases, 5 of whom received sulfanilamide and 4 
sulfathiazole. The dose of the sulfonamide drugs was calculated on the 
basis of ajjproximately 1 gr. per pound, not exceeding 6 gm. per day. 

The antistreptococcal fibrinolysin tests were perfonned according to 
the technique of Tillett and Garner* as modified by Boisvert.^ All tests 
were run in a 37° C. water bath and Avere arbitrarily terminated after 
24 hours. The results were recorded as folloAvs: 

4-f-, no lysis in 24 hours. 

3-j-, complete b'^sis in 8 to 24 hours. 

2-f-, complete lysis in 3 to 8 hours. 

l-b, complete lysis in 1 to 3 hours. 

0, complete tysis in less than 1 hour. 

Three .strains of beta hemolj’'tic streptococci (Lancefield, Group A) were 
used. All were obtained from patients with acute pharjmgitis and Avere 
capable of lysing normal human plasma clots in le.ss than 15 minutes. 

Results. The results have been summarized in the accompanying 
cliarts and tables. Chart 1 compares the age distribution of the 
imtients Avith that of the inmate population of the institution. It 
will be noted that betAA'een the ages of 6 to 35 tliere is no special 
age group shoAving increased susceptibility to hemolytic streptococcal 
infections. 

Chart 2 presents in graphic form the results of the antifibrinolysin 
tests. The results are shown as the percentage of the total number 
oi patients aa'Iio exhibited the different degrees of plasma clot resist- 
ance for each of the 6 months folloAving the acute infection. Within 
1 month after the onset of the infection, almost 80% of the patients 
had a plasma clot I'esistanee of at least 24 hours duration. Thi.s 
value gradually decreased to about 5% by the 6th month. Tillett, 
I^dAA'ards, and Garner' found that the plasma clots of “normal” 
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AGE TihNGES 

CiunT 1 — Arc riistribulion of patients as compared to that of total population. 



J 2 J 4 S f 


MONTHS 

0 *. Oompicte ly-is in le^s llinn 1 hour. 

I - , OtmplclP Iy«is in 1 to ;{ hours, 

L’ — . Conipli-ie* lysis in ;! to h hours 
i! fornplcte lysis in S to 2! hour“. 

I s-. lysis in 2 } hours 

Cintrr — ttrcsirri'iif e n.'id iiorsistpore of anti-fihnnolyli'' rtsistaure f® ' 
fuutc lifrnolytif strcptorrjcoal infections. 


•SO io foo /4<) 

A/ar/B£R OF noTAt /MRAFES 
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persons, i. e., those persons with no history of antecedent strepto- 
coccal infections, were completely lysed in 75% of the cases in less 
than 1 hour, and in every case in less than 4 hours. If we consider 
a clot resistance of 3 hours as the probable upper limit of “normal” 
resistance, it will be noted that as late as 4 months after the acute 
infection, 40% of our cases had maintained an increased clot 
resistance, and that 6 months after the infection about 25% of the 
patients continued to show an increased clot resistance. On the 
other hand, about 15% of the patients showed at no time during 
this study a significant increase in their clot resistance. The 5 
patients in the latter group were diagnosed during their acute illness 
as follows: erysipelas, 1 case; streptococcal vaginitis and dermatitis, 
1 case; acute otitis media, 1 case; and pharyngitis, 2 cases. 

Table 1.— Effect of Age on the Development of Antifibrinolytic 

Resistance 

(Percentage of persons having plasma clots that resisted streptococcal fibrinolysis 

for more than 3 hours) 

Month's 

Age range 1 2 3 4 5 6 

G to 13 yrs.“* . 62 62 54 23 15 15 

14 to 35 yrs.» . 90 75 65 50 33 35 

* Number of cases. 


Table 1 was prepared to show the effect of age on the dei^elop- 
ment of plasma clot resistance. In this and subsequent tables, 
plasma clots that resisted fibrinolysis for at least 3 hours are con- 
sidered positive. The values given are the percentage of patients 
in each group that exhibited positive tests during each of the 6 
months covered by this study. Although the percentage of patients 
with positiim tests was smaller in the younger group for each 
month, analysis of the results showed that the differences were 
not statistically significant (a difference between the two percentages 
of at least twice the standard deviation of the difference was con- 
sidered significant). 

Table 2 evaluates the effect of the duration of the acute infection 
on the development of plasma clot resistance. The patients were 
divided into 2 groups: those in which fever (100.6° F. or higher) 
was present for 3 days or less, and those in which the febrile period 

Table 2. —Relationship or Days or Fever to Antifibrinolytic Resistance 
(Percentage of persons having plasma clots that resisted streptococcal fibrinolysis 

for more than 3 hours) 

Months 

Duration of fever* 1 2 3 4 o G 

1 to 3 days'^t ... SO 67 51 40 27 27 

4 to 16 days'i . SS 82 59 35 24 24 

* 100.6° F. or higher. 

t Number of cases. 
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pcrsibted for more than 3 days. A comparison of tlic perceiitiii:c 
of patients showing a positive test in each group for each of the i» 
months yields no significant differences. 

Discussion. Our observations on the incidence of the develop- 
ment of plasma clot resistance to the streptococcal fihrinolxsiii 
following proven cases of streptococcal disease is in agreement with 
the findings of others.* ^ ' From 15 to 25% of individuals recoverin'! 
from streptococcal infections fail to develop plasma clot resistance. 
From the clinical aspect, there was nothing to distinguish thc'C 
individuals from those in whom re.sistant clots were found. X 


special study was carried out to compare these individuals with the 
so-called “normals” who also exhibit rapidly lysing plasma clot' 
These studies will be reported in detail at a later date. Ilowecer, 
it was not possible to demonstrate any significant difference' m 
the sera or plasma clot between the individuals without a hi'torv 
of a recent streptococcal infection (“ normals”) and those individual' 
recovering from an acute streptococcal infection but not de\clnpin2 
plasma clot resistance. 

Except for isolated observations, there are no significant data 
available as to the effect of age on the ability of individual' to 
de\ elop antifibrinolytic plasma clots. In order to obtain an adequato 
number of cases in each group for statistical analysis, the patient' 
were divided into 2 groups with 14 \cars arbitrarily being clio'cn 
as the critical age. ruder these conditions, no difference' couid he 
noted between the 2 grouj)s as regards the inciflcnce of po'itnc 
antifibrinoU sin tests. If we assume that the positive te.st rcprc'Ciit' 
an antibods response to a hemolytic streptococcal infection, the 
rc'uits obtained are in agreement with data previously puhiidio 
which also indicated that age (Iietwecn (i and approximatcb 
years) had no significant effect on the de\e]optncnt of the sjjccihf 
agglutinins following typhoid vaccinations; a similar finding 
noted in the demon.stration of the natural hetcrophilc (shcc[) <c 


.'igglutiniii'.'' _ , 

Perr^ found that of 15 individuals with a pre\ioU' hi'tor^ " 
rheumatic fever w !io dcvelojicd acute streptococcal throat infection'- 
the a<!ministration of aspirin daily for (i week' was as'ociatcd ' 
the failure of 13 ca'es to develop plasma clot re--istance. isiinil.ar.-. 
of f) cu'es with rheumatic heart disease who devciopcil rhcuia.itH 
relapses following streptococcal throat infections, the admini-to 
tion of aspirin was associated with the finding of negatnc 
fibrinoU 'in ti-st' in 4 patients. In our stmK , there were 13 piti' H' 
that rc<-ei\ed aspirin during the acute stage f>f their 
However, there was no twidence that thi' group in any w.i.' oi >' *'■ 
from tho-e not re<•ei^ing asi)irin as tf) the incidence , ,, 

f)f a po'itis e antifibriiiolysin te-t. The explanation for tlii' dm'*' 


in result' i' not eh-ar , ^ 

'fhe administration of 'ulffmamifle drugs during the a'lit' P 
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of the streptococcal infection apparently had no significant eflFect 
on the plasma antifibrinolytic activity. This is in agreement with 
the findings of Kirby and Rantz^ who carried out both in vivo and 
in vitro experiments to test this possibility. 

No evidence was found that the duration of the acute phase of 
the original streptococcal infection, or its severity, was related to 
the subsequent development of antifibrinolytic activit}^ There are 
no similar data obtained from patients with streptococcal infections 
available in the literature for purposes of comparison. However, 
Perry® and Boisvert^ noted that individuals with acute rheumatic 
fever behaved similarly to patients recovering from streptococcal 
infections in that 75 to 85% of the cases in each group developed 
resistant plasma clots. These authors agree with Coburn and Pauli'* 
that rheumatic attacks may be initiated by a previous streptococcal 
infection. In those patients with acute rheumatic fever. Perry® also 
found no correlation between the antifibrinolytic activity and the 
duration or the intensity of the infection. On the other hand, 
Boisvert^ and Waaler® concluded that this correlation did exist in 
their patients with rheumatic fever. It is apparent that further 
observations are needed before an}^ definite conclusions can be 
drawn concerning this relationship. 

Summary and Conclusions. A study of 32 individuals convalescing 
from acute hemolytic streptococcal infections was carried out. The 
observations may be summarized as follows: 

1. Between the ages of 6 and approximately 35 years, there was 
no special age group showing an increased susceptibility to hemolytic 
streptococcal infections. 

2. The antistreptococcal fibrinolysin test is positive {i. e., the 
plasma clot resists lysis for more than 3 hours) in approximately 
85% of the patients during the 1st month following the acute infec- 
tion; in 65% during the 2d month; 60% the 3d month; 40% the 
4th month; 25% during the 5th and 6th months. 

3. The development of a positive antifibrinolysin test between 
the ages of 6 and approximately 35 years is not significantly in- 
fluenced by age. 

4. The duration and severity of the original infection is not 
significantly related to the subsequent development of increased 
clot resistance. 
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THE SPECIFIC GRAVITy OF WHOLE BLOOD AND SERUM 


Bv P. A. Gray, LiEUT.-CoMjr., U.S.N.R. 

AND 

A. H. Elliot, ]\I.D. 

S\NT\ B\RIJAn\, CA1.IF- 

(From the Research Department of The Santa Barbara Clmit) 

The following drop method for measuring the specific gravity of 
the blood, as described by Barbour and Hamilton,- affords a rapid 
and accurate estimate of the state of hydration as well as the seruin 
protein content of the circulating blood. The technique is easily 
acquired and, as stated by the originators, the results are accurate 
to within ± .0001 , thus far exceeding the accuracy of other measure- 
ments, such as red cell and hemoglobin determinations, coinmoiih 
used for this purpose. Some of the clinical applications of this pro- 
cedure have been explored by Scudder;^ but as it has not come into 
the widespread use which it seems to deserve, an apprai'.al of our 
experiences of its application to the estimation of normal and patluj- 
logic states may be of interest. 

Xortual Values. The average serum specific gravity value of 
194 specimens of blood obtained from 101 office patients witli minor 
ailments, and inrlividuals requesting premarital Wassermann te.^t^ 
was l.()2t)()*.0()10 (range 1.0242 to 1.0299). Xo diff’erentiation a' 
to sex was attempted. The distribution is plotted in Chart 1. 

Variations of serum specific gravity from day to day in the ‘-ame 
individual were extremely slight, as evidenced by an average of 
1 .0204 ± .00030 for 17 determinations in 1 young male (Table 1) 


T\j)ie 1 — Xoit\m Srecinc GnxMvi or Skhvm 


Xo of 
of r 1 '* " 

Xo of 
torniwntioo'* 

A^ r r.icf* 


Haoci- 

101 

101 

1 0200 ± 0010 

1 

0242-1 02't'i 

\ B 

17 

1 0201* 00030 

1 

0200-1 0271 

T G 

ir. 

1 0201=*= 00004 

1 

02.'il-l 02S1 

r, s 

27 

1 0270 OfXlOo 

1 

02.V2-i 02"S 




In a young female followed for 10 flays, the average was 1.02<>->' 
.00091. 'I'he oeeurrence of menstruation fluring this periiwl "a' 
without apparent effect. In a \f)ung, f)therwise healthy, diaii't!' 
follfmed for a month, slightl.v greater variability was encounttO'' 
which foulfi not be eorrelatefi with the blofjfl suuar level (I able f 
'riitS'C normal wdue--, while ba'-cfl f)n a larger .series than an; 
previoii-ly rejwrted, agree .Mib'.tantially with tho'e of otiier fib-' 
ers and with the re'ull' fibtalneil by other teelin!f|ue' (lab,''-'^ 
The variation in value-', ulthfuigh "light, encountered aiiifUig 
individual", far eveed" the error of the meflnxl. 3'heoreti(“db . f 
"ennn '{Mrific gratity might vary with the water content <>' 



SPECIFIC GRAVITY OF WHOLE BLOOD AND SERU1\I 


357 


blood, the concentration of serum protein, or the concentration of 
lipids, catabolites and electrolytes. The influence of the first named 
is evident in pathologic states, to be discussed later. J\Ioore and 
Van Slyke^ have shown that a straight line correlation exists be- 
tween serum specific gravity and concentration of serum protein. 
It seems unlikely that the latter should change greath’ from day to 
day. The effect of variation in electrolytes and other solutes is not 
known with certainty, but is probably not appreciable. We suspect, 
therefore, that the variations encountered represent primarily' the 
eft'ect of water shift between blood and tissues. 
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Table 2. 

—Serum SPEcmc Ghavitv 


Author 

Cases 

Method 

AV 

SD 

R 

Moore-Van Slykc* . 

9 

Gravimetric 

1.0270 


1 0253-1.0287 

19.30 






Ashworth-Adamsf . 

20 

Hematocrit 

1.0261t 

.00117 

1 0240-1 0293 

1941 





Gray-Elliot . 

, 101 

Falling drop 

1 0266 

.0010 

1 0242-1 0299 

1941 






* Males only. 

t Plasma, 

1 Recalculated 


AV = Mean value. SD = 

Standard deviation. R 

= Range of values. 


The average whole blood specific gravity of 32 normal individuals 
averaged 1 .0557 .0020. The range was i .0501 to 1 .061 9 (Table 3). 
A close correlation between the number of red blood cells per c.mm. 
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aj)d the ;v])ole bJoorJ specific gravity ivas apparent, as shown on the 
spot diagram (r’hart 2).* This obtained in both normal and 
pathologic states. 


Tabi.e Kop.m.ai. .‘■■[’eciVic Graviti' or Whole Blood 



•Vo. of 

Avf'rnirf' Tf<l 


Avf'Tnr^‘ v.hol*' 


Xo- of 


rtyiul 

itarige 

}A<yyi 


r'l^r*** 

minaliorts 

(jniWiou’') 

finillioi.-') 

prsviJy 

mr.re 

32* 

.32 

4 04 =*: 54 

3 92-0 1.0 

1 0557 002 

1 0.701-1.0019 

20t 

. 120 

.5 70^ 04 

4 0.3-7 00 

I 003S^ 0030 

1 0.777-1.0743 

* Adults. 



t Babies. 
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The HjmAfie (Jrarify In Hiaiee of Altered Phyeiology. Since the 
whole blood and serum specific gravity vary directly with the num- 
ber of red cells and serum protein concentration respectively, any 
disease in which either constituent is altered will influence the cor- 
responding specific gravity determination. It. therefore, follows 

* Interpolation of our re.mJts in the Cartesian equation gave the follovong fonnute- 
Kormal cases; Whole blood specific gravity == l.(W4 -r 0.0023 X K.B.C. On 
roillioiLSL 

Diabetics: Whole blood .‘■peeific gravity = 1.0372 4- 0.003S X R-B.C. On 
millions). 

Xev.’boms: Whole blood specific gravity = 1.0407 — 0.0032 X B.B.C. (m 
millions). 

It vill be seen that there i.s a .“light but di“tinct difference in the slope of the hnear 
correlation obtained from our data on normal adults, diabetics and newboms. 
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that the whole blood and serum specific graxdt}' do not necessarily 
follow a reciprocal relationship. However, it is obvious that any 
change in the water concentration of the blood, since it affects the 
number of red cells as well as the serum protein, will be reflected by 
a proportionate rise or fall in both the whole blood and serum 
specific gravity. 

Effect of Altered Red Cell Cotmt. The average of 9 determinations 
of serum specific gravity on 3 patients with anemia was not sig- 
nificantly below the normal value (1.0261 ±.0006), whereas the 
whole blood specific gravity values varied dii-ectly with the red cell 
count (Chart 2). In a case of polycythemia \'era, having a hemo- 
globin of 19.2 gm. (115%) and a red cell count of 7.5 million, 
repeated observations of the serum specific gravity gave normal 
readings. Thus it appears that serum specific gra^dty and, hence 
by inference, the serum protein level are not influenced by the con- 
centration of hemoglobin or cellular elements. The influence of 
physiologic polycythemia upon the whole blood specific gravity, 
however, is well exemplified by a study of the newborn, in whom 
definitely high values were encountered (Table 3). 

Effect of Altered Serum Protem Concentration. It has not been 
possible to study instances in which serum protein values were 
increased, but it is of interest that in 5 patients with active allergic 
symptoms, slightly elevated serum specific gravity values were 
found (average 1.0283 ±.0011). Unfortunately, direct measure- 
ments of serum protein were not made, but as tln^re was no reason 
to suspect dehydration in these individuals it seems safe to assume 
that slight hyperproteinemia was present. This merits further 
investigation. Low serum specific gravity Anlues ha\'e been encoun- 
tered in a number of patients having disorders commonly associated 
with hypoproteinemia. In 3 instances of portal cirrhosis, the values 
ranged from 1.0269 to 1.0226, averaging 1.0242 (= serum protein 
5.88%). One patient with nephrosis had values from 1.0242 to 
1.0201; in an eclamptic, a range from 1.0246 to 1.0206 was encoun- 
tered. It is of interest that all but 2 of a group of 17 pregnant but 
healthy women showed slightly lowered serum specific gravity 
values irrespective of the duration of pregnancy (Table 4). 

The effect of loss of serum protein by hemorrhage is illustrated 
by a serum specific gravity value of 1.0218 shortly after a sudden 
massive hemorrhage sufficient to reduce the number of red cells to 
3.9 million and the hemoglobin to 11.3 gm. (67%). While some of 
this lowering was doubtless due to sudden dilution, regeneration of 
the serum protein was belie\'ed to be slow in comparison to cellular 
elements because the serum specific gravity reading had not changed 
after 14 days, although the red cell count had risen. 

Conditions Influencing Wafer Content of Blood. States of chronic- 
hydremia or anhydremia are probably uncommon due to the extra- 
ordinary efficiency of the mechanism for maintaining homeostasis. 
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W e have observed an instance of diabetes insipidus, partially con- 
trolled with pituitary extract, in whom a state of anliydremia was 
apparently constant, the serum specific gravity on repeated deter- 
minations varying from 1.02(57 to 1.0315. Depression of the re- 
sorptive capacity of the renal tubular cells with resultant blood 
concentration affords an adequate explanation, but it is surprising 
that this condition obtained in spite of an unlimited fluid intake. 
An alternative hypothesis, namely, that there was an actual increase 
in serum protein in this instance, nnfortunateh' was not investigated. 


Table 4.- 

-.Serum .Specific Gravity Values 

Tnmc*itcir 

i.v Pregnancy 

Specific pravity 

E. C. 

1 

1 02.30 

.1. C. 

3 

1 0200 

D. A, 

3 

1 0253 

A. B. 

3 

1 0253 

P. F. 

3 

1 0230 

C. H. 

2 

1 0227 

D. T. 

2 

1 0289 

C. C. 

2 

1 0240 

0. H. 

2 

1 0237 

L. J 

2 

1 0250 

H. 0. 

2 

1 0255 

G. S. 

2 

1 0242 

,L M. 

2 

1 0254 

C. Z. 

2 

1 0241 

H. A. 

3 

1 0283 

K. K. 

3 

1 0257 

K. 0. . 

3 

1 0230 


The diabetic state, particularly if uncontrolled, is known to disturb 
the water metabolism of the body, but a chronic state of hydremia 
or anliydremia, as measured by serum and whole blood specific 
gravity determinations on a large group of diabetic patients, has 
not been encountered (Table 5). The average values have been 
close to the normal, but the spread was greater as the group in- 
cluded some individuals in mild acidosis, in whom dehydration of 
some degree was probably present. The presence or absence of 
ketonuria and the lei'el of the blood sugar did not consistently 
influence the specific gravitj’ i-alues. 

Table 5.— Serum and Whole Blood Specific Gravity in Diabetic 


Sor«m Wiioip iilnod 

Number of cases . 44 44 

Number of determinations . 99 212 

Average rod Wood cells (millions; 4 97 =*= CS 

Average serum specific gravity 1 0200 =»= 0019 

Range ... 1 0219-1 03.3.3 _ 

Average whole blood specific gravity 1 0500 — 

Range . . 1 W.3G-1 OfiG- 


Specific gravity determinations find their greatest clinical useful- 
ness as an aid in the maintenance of proper body hydration in acute 
metabolic disturbances, as exemplified by the postoperative period. 
Seventy-two observations of serum specific grai'ity during the im- 
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mediate postoperative period of 14 subjects who had undergone 
major surgical procedures gave an average reading of 1.0239 ±,0017. 
We interpret this as indicative of a tendency toward hydremia, 
although the amount and type of fluid given in each instance was 
strictly in accord with usual clinical practice.' While repeated deter- 
minations of the red cell count, hematocrit value, or serum protein 
concentration Avould have revealed this same tendency, these pro- 
cedures are time-consuming, relatively inaccurate, and often too 
expensive to be repeated at short intervals. The practical applica- 
tion of specific gravity determinations to the care of the postopera- 
tive patient may be indicated by the following cases. 



DATE 


Chart 3 

Case Abstracts. Case 1. A white male, aged 59, a known mild diabetic, 
was admitted to the hospital July 8, 1940, with acute cholecystitis. The 
patient was in relatively good condition. As seen in Chart 3, his blood 
sugar measured 291 mg. per 100 cc., his carbon dioxide combining power 
was 69 vols. %. Ketonuria was absent. The Avhole blood specific gravity 
(1.0559_), however, indicated slight dehydration. He was immediately 
given 5(30 cc. of Hartman’s solution by venocylsis, and 1000 cc. normal 
.^aline by hj'j)odermoclysis. During the operation that evening he received 
500 cc. of 5% dextrose in normal saline. On the folloAving morning a lower 
whole blood specific gravity indicated a satisfactoiy degree of hj'dration 
but the rising values later in the day and an extremelj’' low urine output 
prompted the administration of more fluid. It will be noted that these 
changes were not accurately reflected Iw the red blood cell count which 
remained fairly constant. From the second day when fluids could be taken 
freely by mouth, the whole blood specific gravity and red lilood cell value- 
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rcnmiiicci fairlj' constant, as shown in the accoini)anying chart. Both the 
whole blood .specific gravity and en'tlirocytc determination.s were made at 
- hour intervals throughout the first day, at 4 hour intervals the second day, 
and twice daily thereafter. 

. Case 2. Thi.s case (Chart 4) is presented to show what degree and dura- 
tion of change in the blood-water content may occur during the postopera- 
tive period ivlien the usual routine administration of 3000 cc. of fluid during 
the first 24 hours is followed. 
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Chakt 4 

A white female, aged 70 years, was found by cholangiograplw performed 
3 weeks after an uneventful cholecj’-stectom}^ to have a stone in the com- 
mon bile duct. Choledocholithotomy was undertaken. Specific gramty 
studies were carried out as in the first instance but fluids were given irrespec- 
tive of the specific gra\at 3 " values obtained, and in accord with the usual 
practice of giving 3000 cc. in the first 24 hours. The chart .shows that m 
comparison with the first case the magnitude and duration of change i” 
specific gravity Amlues from the preoperative leA'el was much greater. Inc 
curve maj' be interpreted as indicating that a state of relative anhydremia 
persisted over a period of 48 hours. This is in contrast to the first instance 
in which the water content of the blood was stabilized within 18 hours. 

Since the prevention of postoperative complications ma.v depend 
in some degree upon our skill in maintaining homeostasis, a rapid 
and reliable measurement, Avhich helps to substitute rational adjust- 
ment of therapy for the rule of thumb procedure, is Avelcome. 
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Summary. 1. Normal values for serum and for whole blood 
specific gravity, obtained by the Barbour and Hamilton Falling 
Drop technique, were determined. 

2. The influence of physiologic states, such as menstruation, 
pregnancy, age, daily individual variation, and so forth, was studied. 

3. The influence of pathologic states in which variation from nor- 
mal of certain blood constituents such as red blood cell, serum pro- 
tein, and water content upon blood specific gravity determinations 
was observed. 

4. The correlation between the red blood cell count and the whole 
blood specific gravity was determined. 

5. The practical application of this technique to the estimation 
of fluid need in the postoperative state was illustrated and its value 
in treatment suggested. 

We wish to thank Mr. Elihu Suits for technical assistance. 
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CHEMICAL FRACTIONATION FROM! EXUDATES OF A FACTOR 
PROMOTING LEUKOCYTOSIS 

By Yaly Menkin, M.D. 

ASSISTANT PROFESSOn OF PATHOLOGY, HARVARD UNIVERSITY MEDICAL SCHOOL 

AND 

M. A. Kadish, A.B. 

with the assistance of A. A. Warren, M.A. 

BOSTON, MASS. 

(From the Department of Pathology, Harvard University Medical School)* 

Earlier studies by one of us have demonstrated that inflam- 
matory exudates contain a leukocytosis-promoting factor capable 
of eliciting a discharge into the circulation of immature polymorpho- 
nuclear leukocytes from the bone marrow.^ The resulting leuko- 
cytosis appears relatively early and remains sustained for at least 
several hours. The leukocytosis-promoting factor (denoted LPF) 
was subsequently found to be apparently a pseudoglobulin.- The 
factor was recovered from exudative material derived from dogs, 
rabbits and man.^--'®’'' The inflammatory reaction from which the 
exudates were derived was induced by a variety of unrelated 

* This .nrticle represents Paper XXIV of a series entitled “Studies on Infl.im- 
mation." 

This study was aided by grants from the Daland Fund of the American Philo- 
soiihical Society, from the Permanent Science Fund of the Academy of Arts and 
Seionce.s, and from the Jane Coffin Childs Memorial Fund for Medical Research. 
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irritants. These stuclic.s on the prc.scnec of a leiikoeytosis-proinoting 
factor in exudates of rabbits have received confirmation in the hands 
of Rcifenstein and his collaborators.* Further studies have indicated 
that the active globulin can be demonstrated to be present only in 
the blood serum of animals having a concomitant inflammatory 
reaction.* This suj)ports the view that the factor is liberated at the 
site of inflammation and evidently' reaches the bone marrow tia 
the circulating blood. 

These various studies have offered a reasonable exjdanation for 
the mechanism of leukocytosis associaterl with various inflammatory 
processes. Inasmuch as the prognosis of numerous infectious con- 
ditions is referable to the number of circulating leukocytes,* it is 
conceivable that the LPF may yet prove to be of clinical significance. 
For this reason an attempt has been made to obtain the active 
fraction in a desiccatefl form which could be conveniently handled, 
and yet which could maintain its potency as well as its stability. 
In a preliminary earlier report, one of us lias reported on the feasi- 
bility of such a preparation.® The present brief communication 
represents additional data to substantiate this preliminary finding. 

Method. Exudates were generally' obtained, as described in prerious 
reports,* * by inducing an acute pleural inflammation in dogs with the 
injection of about 1.5 cc. of turpentine. In several instances exudative 
material was also obtained from either the pleural or the peritoneal carity 
of human patients. 

The method of preparing the LPF in desiccated form has been briefly 
described by one of us in a preliminary' note® and is briefly restated here: The 
exudate is treated with saturated ammonium sulphate so as to induce 
precipitation at half saturation. The precipitate is not readily separated 
from the supernatant jfliase by ordinary' centrifugalization. For this reason 
the whole mixture is dialy'zed for about 24 hours against running tap water. 
On the following day' the indiffusible material is reprecipitated with am- 
monium sulphate at half saturation. Prolonged centrifugaliption now yields 
moderately' good separation. The precipitate is taken up in distilled water 
and dialyzed against tap water until it is free of SO^ = . The indiffusible 
material is then dried at about 35° C. in a vacuum oven to a brittle cry'stal- 
loid-Iike faintly' brownish powder. The process of desiccation does not 
seem to impair the potency' of the material, for biologic actinty' was found 
apparently' unaltered in such fractions several months following their 
preparation. 

Approximately' 100 mg. of the fraction containing the LPF was taken 
up either in saline or in a phosphate buffer at pH of about 7.4 and injecteci 
into the circulating blood by' cardiac puncture. f ‘ Several dogs were also 

* This amount of the fraction was roughly estimated to be the equivalent of 
about 20 to 25 cc. of the original exudate. In some experiments considerably large 
amounts of the fraction were injected but the effect on the leukocyte level 
correspondingly enhanced. In further purified fractions (unpublished studicsh 
13 to 15 milligrams were found sufficient to induce a marked leukocytosis. 

t In an earlier preliminarj’ note another step was introduced here, namely, 
ment with ether presumably to remove the lipoprotein fraction.' .Subsequent > 
was found that omission of this step does not impair the potency or stability ot 
material. Furthermore, as pointed out below, elimination of the euglobulm Irac 
favors the production of a more active fraction (unpublished studies). 
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injected suljcutaneously with the material. Leukocyte counts were made 
at approximately every hour for periods ranging from 6 to 13 hours. On 
the subsequent days several counts were made, and such measurements were 
usually continued until the original basal leukocytic level Avas attained. 
Blood samples for the counts Avere obtained by nicking Avith a razor the 
small vessels of the ear. 

Results. In earlier studies repeated counts Avere performed in 
order to ascertain the range of normal variation in the absolute 
number of circulating leukocytes for a period that approximated 
the usual duration of an experiment. In one such series the 
maximum fluctuation in the leukocyte counts Avas found to average 
23.8%.^ In a subsequent series the increase Avas found to average 
26.2%.- Such a test AA'as likeAAuse made in the present studies. The 
data appear in Table 1 . It is clear that the degree of variation is 
of about the same magnitude as in earlier studies. The maximum 
increase in the number of circulating leukocytes of untreated dogs 
OA'cr a period ranging from 5 to 13 hours averages 29.2%, 

Table 1.— Variation in AA^hitb Cell Counts on Blood or Normal Dogs 


Dor No, 

Lowest number of 
leukocytes within a 
period ranging from 
about 5 to 13 hours 
(per c.mm.) 

Highest numbci of 
leukocytes within a 
period ranging fiom 
about S to 13 hours 
(per c.mm.) 

Inciease in 
leukoev tes 
(%) 

7-19 

6,500 

11,600 

78 5 

7-31 

13,000 

17,850 

37 3 

4-73 

11,050 

13,750 

24 4 

7-33 

15,750 

18,600 

18 1 

7-18 

13,250 

15,600 

17 7 

7-19 

9,900 

11,500 

16 1 

7-31 

18,400 

20,600 

12 0 

Average 

12,550 

15,643 

29 2 


2.— Effect 

OF THE Leukocytosis-promoting Factor 
ON Leukocyte Counts 

Highest level of leu- 
.Ibsohite number of kocytes within about 
leukocytes prior to 4 to 10 hours after 

injection of mateiial injection of material 

(Desiccated Form 

Increase in 
Icukoej te count 

Dog No. 

(pel c.mm.) 

(per c.mm.) 

(%) 

7-19 

12,150 

31,750 

161 3 

7-19 

8,550 

21,950 

156 7 

7-31* 

9,900 

22,400 

126 3 

7-18 

8,150 

10,900 

107 4 

7-31* 

11,650 

22,600 

94 0 

4-73 

12,650 

20,950 

65 6 

7-31* 

18,450 

30,500 

65 3 

7-31 

13,150 

21,400 

62 7 

4-73 

15,150 

24,300 

60 4 

7-19 

15,000 

23,750 

58 3 

4-73 

12,750 

20,150 

58 0 

7-lS 

15,150 

23,150 

52 8 

4-73 

15,950 

23,950 

50 2 

Average 

12,973 

23,305 

so 1 


* LBF extracted from liuraan exudates; all others obtained from pleural exudates 
of doRs. 
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In several experiments, the LPF in desiccated form was injected 
subcutaneously in the thigh of dogs. In general, introduction of 
about 100 mg. of the material by the subcutaneous route induced 


Table 3.— Effect of LPF (Desiccated Form), Injected Subcutaneously, on 

Leukocyte Counts 


Dog No. 

Absolute number of 
leukocytes prior to 
injection of material 
(per c.mm.) 

Highest level of leu- 
kocytes within about 

6 to 24 hours after 
injection of mateiial 
(per c.mm.) 

Increase in 
leukocyte count 
(%) 

7-33 . 

. . 7,200 

17,750 

146 5 

7-31 . 

. . 10,500 

20,700 

97 1 

7-33 

15,900 

30,800 

93 7 

7-34 

7,050 

12,750 

66 7 

7-34 

. , 8,750 

13,550 

54 9 

7-31* . 

. . . 21,150 

32,000 

51 3 

7-31t 

. 11,750 

11,850 

1 0 

Average 

. 11,843 

19,914 

73 0 


* LPF derived from canine exudate; all others were of human origin, 
t Considerable local inflammation developed at site of injection of LPF. 

somewhat similar results as described above (Table 2). The maxi- 
mum effect, liowex'er, was sometimes found to appear somewhat 
later than when the material was introduced directly into the cir- 



Chart 2.— -The effect of subcutaneous injection of the dried LPF obtained from 
human exudate on the leukocyte level of dogs. 


oulating blood. This is quite likely referable to differential rate of 
absorption from the site of injection. Tlie effect of such e.xperiments 
( Table 3) is shown graphically in Chart 2. Furthermore, it is to be 
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noted that Dog 7-31 at one time failed to yield a rise in the number of 
circulating leukocytes following subcutaneous injection of the LPF 
(Table 3). Concomitantly with this lack of response there was found 
a pronounced inflammatory reaction at the site of injection. Inflam- 
mation is characterized by marked proteol\'sis.' It is conceivable, 
therefore, that the LPF might have been hydrolyzed by proteolytic 
activity at the site of the developing inflammation in the sub- 
cutaneous tissue. It is also possible that the material was fixed 
hi situ by the acute inflammatory reaction and thus failed to pene- 
trate readily into the blood stream.'' • These two explanations would 
perhaps adequately account for the failure of response in this par- 
ticular e.xperiment. Studies are in progress in an endeavor to 
purify furtlier the LPF from tiie jiossilalc presence of impurities 
which may account in part for the occasionally marked local 
inflammatory reaction when the material is injected subcutaneously 
and perhaps also for the transient initial leukopenia when it is 
introduced directly into the circulation.* 

Conclusions. Earlier observations have demonstrated the pres- 
ence of a leukocytosis-promoting factor (LPF) in inflammatory 
exudates of various experimental animals and man. Subsequent 
chemical studies ha\'e sliown this factor to be associated with the 
pseudoglobulin fraction of exudates.- The active globulin penetrates 
into the circulation from the site of inflammation and eventually 
induces a discharge of immature leukocytes from the bone marrow.® 
This active factor can be readily desiccated. In the dried form it 
maintains both its potency and its stability for many months. The 
effect on the number of circulating leukocytes can be readily elicited 
by intravascular and to some extent by subcutaneous administra- 
tion. 
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The presence in the blood of the agglutinogen Rli was first 
described in 1940 by Landsteiner and Wiener.' The close relation- 
ship of this agglutinogen to the development of erythroblastosis 
fetalis was pointed out by Levine, Katzen and Burnham.^ Since 
then other articles hat'e appeared which ha\’e corroborated this 
finding. The purpose of this paper is to report 6 cases of erythro- 
blastosis fetalis winch lend support to the thesis of isoimmunization 
of the mother by the Rli agglutinogen from the fetus as being 
responsible for erythroblastosis fetalis of the latter. 

Methods. Testing for the Rh factor is a delicate procedure, and 
has been fully described several times.' The method of testing 
for the presence of anti-Rh substance when Rh — bloods are found 
is also described in the above articles. 

Cases and Discussion. Case 1. Mr.s. S.* is a 31 year old para i, grawda 
iv, Wassennann negative. Her obstetric historj" is of interest. The first 
pregnancy ended with the full-tenn spontaneous deliver}’- of a normal 
female infant 10 years ago. The second pregnancy, 3 years ago, terminated 
in a full-term male infant, following a very short jirecipitate labor. The 
infant died 3 days after birth. The patient was told by her physician that 
the cause of death was “jaundice.” The 3d pregnancy, one year ago, 
resulted in a full-tenn stillborn female infant, labor again precipitate. The 
patient felt life until onset of labor. The 4tb pregnancy was complicated 
by a moderately severe toxemia. The patient felt life again until the onset 
of labor, Avhich was at tenn, and on October 20, 1941 she delivered a still- 
born_ female infant. Unfortunately an autopsy on the infant was not 
obtained, nor was the placenta examined microscopically. No blood was 
obtained from tlie infant. However, the description of the baby was the 
classical one of congenital hydrops of the newborn. The baby was described 
as being extremely edematous, the edema of the face being so extreme that 
the optic apertures could not Ire found except after considerable search. 

We obtained a sample of blood from Mrs. S. 24 hours after delivery and 
found her blood to be Group 0 Rh — . The serum was tested for anti-Rh 
and we found a titer of 1:64. (We sent some of this blood to Dr. Alexander 
Wiener who confinned our findings.) The husband’s blood was found to 
be Group A Rh-f-. Blood drawn from Mrs. S. on Januar}' 10, 1942, 10 weeks 
after delivery, contained no anti-Rh substance. 


* Wc are indebted to Dr. S. B. Peters of Silver Creek, N. Y., for the historj- and 
blood samples on this patient. 
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We can conclude then from this case, even though we have no concrete 
evidence from tlie infant in the way of blood Rh determinations, blood 
smears, autopsy, or placental sections, that the infant probably suffered 
from tlie congenital hydrops t3'pc of eiythroblastosis fetalis, and it is 
probable that the p ; ' -esultcd in infants which liad 

one of the types of ; ■ ■ ' ■ conclusions are based on the 

fact that the father’s blood was Rh+, the mother’s Rh- with a verj' 
high titer of anti-Rh substance in her blood 24 hours postpartum, which 
was entirely gone 21 months postpartum. The most likely explanation of 
these findings is that the infant immunized the mother against the Rh 
factor by the transmission of the Rh agglutinogen found in the fetal red 
blood cells, across a faulty functioning placenta. Once the agglutinogen 

gained entrance into the maternal circulatio ■' ' ' reaction was 

begun, and the mother fonned an anti-Rh . isoantibody 

then passed through the placenta to the fetus and hemoij'zcd the fetal red 
blood cells, resulting in the development of erythroblastosis. The reason, 
of course, that no anti-Rh agglutinin was found in the mother’s serum 
10 weeks postpartum is that the immunologic stimulus had been removed 
with the termination of the pregnancy, and the i.soantibody thereafter 
gradually disappeared from the maternal organism. 

This case also serves to suggest the operation of the anamnestic 
reaction, ?. c., the exaggerated response to repeated antigenic 
stimuli. We see in reviewing the history that this patient had first 
a normal infant, then an infant who li^•ed 3 days, next a stillbirth 
and finally a stillborn infant with congenital hj-clrops. 

Case 2. Mrs. I. iW., a 19 year old para i, gravida ii, Wassermanu 
negative. In November 1940 this patient delivered spontaneously in this 
hospital a full-term normal female infant. On November 27, 1941 she was 
admitted to the Gynecological Seixdce with a diagnosis of pregnancy and 
acute gonorrheal cendcitis. The expected date of confinement for the 
pregnancy wms December 1, 1941. On routine blood examination she was 
found to have a Group A Rh— blood, with serum containing anti-Rh 
substance. The titer of this was 1 : 16. From this it was suspected that she 
would deliver an ery'throblastotic infant. That our surmise was correct is 
of importance, because we were able before deliverj^ to have a list of Rh — 
donors available, so that transfusion could be started as soon as it seemed 
necessary. 

The patient was cured of her gonorrheal infection with sulfathiazole 
therapy and discharged from the hospital. She was readmitted December 
22, 1941, and following a 22 hour labor was delivered by breech extraction 
of a living 3260-gm. female infant. The baby cried after a little resuscita- 
tion and appeared to be normal save for the very ymllow color of the verm.x 
caseosa. 'The icterus index on the cord blood was 44. Grouping on the 
cord blood showed the baby^’s blood to be Group A, Rh-f, and there was 
no anti-Rh agglutinin demonstrable. The day after the birth a smear of 
capillary blood obtained bj'^ heel puncture showed 94 nucleated R.B.C./lOo 
W.B.C. and many basophilic R.B.C. R.B.C. count 1.91 million, hemoglobin 
8.8 gm., W.B.C. count 103,800. Subsequent developments proved conclu- 
sively tliat the infant was suffering from erythroblastosis. Table 1 show^ 
the clinical course and laboratory data on the infant until its discharge 
from the hospital. Unfortunately blood from the father of this 
not available for testing but it is safe to assume that it would be Rli-r- 

Here again then, is another case in which we have an erythro- 
blastotic baby which is Rh-f-, with an Rh — mother in whose serum 
the anti-Rh agglutinin was demonstrable. 
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Table 1.— Showing Clinical Course of Erythroblastotic Infant Treated 
With Rh Blood Transfusions (See Case 2) 


Date 

Tj'pe 

Rh 

Cc. 

given 

Reaction 

RBC 

count 

Hb., 

gm. 

MTC ! 
count j 

Smear | 

Icterus 

inde\ 

Remarks 

12/23/41 




1 

1 7 

7 0; 

\ 


44 

Day of birth 

12/24/41 

0 

— 

CO 

None 1 

! 1 91 

8 8 

103,800 

94 nucleated rbc 


Marked icterus; 




1 





per 100 wbc; 


edema of hands 






1 



many baso- 


and feet; spleen 






> 


1 

philic rbc 


2 cm. below c.m.; 










1 liver border just 







1 

\ 


1 below c.m. 

12/24/41 

0 


50 i 

None 

i 2 C3 

10 5 

\ 

1 ' 

i 

12/25/41 

0 


50 1 

None 

j 3 51 

13 0 

j 34,000 

90 nucleated rbc 




! 




1 

* 

per 100 wbc 

1 

12/26/41 





5 00 

17 0 


[116 nucleated 

1 








1 

rbc per O.I.F 



12/27/41 

0 

__ 

50 

, None 

. 3 17 

13 4 

1 10,600 

1 nucleated rbc. 











per 15/20 O.I.- 







1 

1 


1 

1 F. 



12/28/41 





3 8 

, 15 0 


1 No nucleated 









1 


' rbc 

1 


12/30/41 

0 

— 

75 

None 

3 05 

! 9 7 

10,800 


32 


12/31/41 





1 3 7 

10 8 

1 10,400 


1 

Icterus clearing 

1/ 1/42 

0 


1 « 

None 

’ 3 0 

11 0 

1 




1/ 2/42 





1 

12 0 




Icterus entirely gone 

1/ 5/42 





3 7 

11 2 

10,200 

No nucleated 


Liver and spleen 






1 



rbc ' 

just palpable 

1/20/42 




t 

1 3 7 

11 1 

1 11000 

No nucleated 

Spleen not felt 






1 


i 

! rbc 


1/22/42 





\ 

I 


j i 

Discharged; weight, 




1 


\ 

1 

1 



j 3400 gm. 


Probably the most important point to be learned from this case 
is that neither the mother’s nor the father’s blood should be used 
to transfuse the infant. That this idea is not new with us, we sub- 
sequently learned. Levine and his co-workers'’ first suggested this 
form of treatment. The mother’s blood, if given to the infant would 
be merely prolonging the detrimental effects of the infant’s intra- 
uterine life because, although the infant would be receiving red 
blood cells, it would also be receiving more anti-Rh substance 
which would certainly bring about the further destruction of the 
infant’s own Rh-b cells. 

As for transfusion with the father’s lilood, it is safe to assume 
that in many cases after birth the infant must still cann- over some 
of the anti-Rh substance which it derived from the mother while 
ill utcro. It may be in the plasma, in concentrations too low to be 
detected by our present-day methods, or it may be primarily lodged 
in the spleen and in the reticulo-endothelial system in particular, 
so that it would escape detection by blood test. At any rate it 
probably continues to exert its damaging effect on the infant’s 
Rh-f cells for a considerable time after birth, as evidenced by the 
development of icterus and a declining red blood cell count and 
hemoglobin value. Transfusing the infant with the father’s blood 
would of course supply much needed red blood cells, but since 
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tJiese cells are Kh+, some, if not all, would eventuuUy be destroj-ed 
by the anti-Rh substance which the infant still had in its body. 

Hence the value of using Rh— blood in transfusing these infants 
is obvious. It must be rejnembered, howe\-er, that the blood must 
be from an individual who has previously been tested for anti-Rh 
substance and found not to carry any of this agglutinin in the 
circulating blood. This precaution, howe\-er, is not necessary for 
male donors who have never themseh’cs received a blood trans- 
fusion. The advisability of maintaining a list of Rh— donors need 
not be stressed. 

Case 3. Mrs. SI. M.,* a 39 j'ear old i)ara i, gravida viii, Wa«.«em)ann 
negative. The obstetric historj’ is summarized in Table 2. This patient 
presents a fairly typical historj’’ of repeatedlj'- giving birth to erj'throblastotic 
infants. Out of 8 pregnancies, she has onlj' 1 living child— her first. We 
obtained blood from the patient and her husband during the 4th month 
of the last pregnancj'. At this time the patient was found to be Group A, 
Rh— with anti-Rh substance present in her serum. The husband was 
Group 0, Rh-b. About 1 month after this examination the patient aborted 
an icteric 5 months fetus. Six weeks later, her serum was found to no longer 
contain anj' anti-Rh substance. 


Table 2.— Obstetric\l Historl of Case 3 


PreRiiancv 




Placental 

No. 

Yr. 

Duration 

Xjifaiit 

Jaundice 

weight 

1 

1920 

Term 

Alive 

Several dajs 

22 oz. 

2 

1927 

Twins at months 

Alive — died on 4th 

At birth 





and 5th daj s 



3 

1928 

Term 

aiaccmted 


2 lb. 3 oz 

4 

1929 

81 months 

Stillborn 


3lb.3ioz 

o 

1932 

7| months 

Alive — died on 4th 

At birth 

634 gni. 




daj ; nutops> — ic- 






terus gravis 



G 

1033 

months 

Spontaneous abortion 



7 

1937 

G months 

Ali\'e — died on 3d da 3 ’' 

At birth 


8 

1941 

5 months 

Stillborn 

At birth 


Unfortunately we were unable to test the blood of the fetus, 

but the 


presence of anti-Rh substance in the mother’s blood during the pregnancy 
and its absence 6 weeks following the termination of the pregnancy, would 
seem to point to the pregnancj'- as the etiologj' of the anti-Rh substance 
in the maternal circulation. 

Case 4. Mrs. R. H., a 31 jTar old para 0, gravida ix, Wassermann 
negative with an obstetric history as summarized in Table 3. Our blood 
.studies on this patient, her husband, and the fetus are shown in Table 4. 

This patient was, catalogued in our case histories as a habitual 
aborter. However, it is unlikely that this diagnosis is correct, if 
we consider a habitual aborter as one in whom there is an insuf- 
ficiencj’ of progesterone. Perhaps a survey of our cases of habitua 
abortion would be in order. It is just possible that some of theni 
would turn out to be just such a case as this one. 

It is of interest that as early as 2 months prior to the terminatwn 
of the pregnancy, we obtained a definite reaction for anti-1 i 
substance in the mother’s serum. Three weeks later we were unab e 

* Wo are indebted to Dr. J. K. Quigley for the opportunity of studj-ing this patient. 
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to detect the presence of this agglutinin, nor did we find it present 
in any of the subsequent tests up to the time of deliverjo To our 
minds this does not definitely exclude the presence of the agglutinin 
in the serum at the time of the negative tests. Levine et al.^ have 
pointed out that the course of antibody production in general is 
a period of gradual increase, followed by a period of maximal 
activity, then gradual decline, and that probably in some cases 
anti-Rli agglutinins, after exerting their lytic effect on the fetus, 
rapidly disappear from the blood so that none can be demonstrated 
at the time of delivery. This tj^pe of mechanism may have been 
in play in our case. However, we think it more likely that the 
agglutinin is present in the serum, but we are unable to detect it 
by our present technique. 


Table 3.— Obstetrical History of Case 4 (Note Transfusion Reactions With 

8th Pregnancy) 

Ticgnancj' 

No. 

1 

Year 

1928 

Duration 

5 months 

Infant 

Stillborn 

2 

1931 

Term 

Lived \ \ days 

3 

1932 

Term 

Stillborn 

4 

1935 

Term 

Macerated 

5 

1936 

Term 

Stillborn 

0 

1938 

5 months 

Stillborn 

7 

1939 

2 months 

Stillborn 

8 

1941 

8 mouths 

Macerated 


Trans- 

fusion 

Donor 

Cc. 

Reaction 

No. 1 

(Husband) 

100 

Riecordial oppression; hot; 

No. 2 

Group A Rh + 
Group 0 1111 + 

4.50 

flushed; chills; Temp. 39.G°C. 
Headache; dizziness; he.aviness, 

No. 3 

Group A Bh — 

0.50 

in chest; chills; dyspnea 

No icaction 


1941 G months Stillborn — fetal heart not heard 

after 12 hours of labor; pale 
— waxlike skin; protuberant 
abdomen; placenta — largo, 
pale; autojisy — erythroblas- 
tosis; placenta — crjdhroblas- 
tosis 


Table 4. — Blood Studies on Case 4 


Date 

Gioup 

Rh 

Anti Rh 

10/ 9/41 

Patient A 

0 

0 

10/15/41 

ti 



10/28/41 



+ 

11(17/41 

(< 


0 

12/ 9/41 
12/25/41 

H 

Delivered G month stillborn 
fetus 


0 

12 '25/41 

Fetus ? A 

9 

9 

12/27/41 

P.aticnt 


0 

12/27/41 

Husband A 

+ 

1/ 3/42 

Patient 

0 
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I’nfortunately wc were unable to test for tlie Hh factor in the 
infant’s serum. A postmortem cardiac puncture was attempted 
and a large amount of pink watery serum was withdrawn by syringe. 
Testing this for the Rh factor resulted in a negative test. However 
an autopsy suijsequently showed that we harl not entered the heart 
at all, but had merely tapped a pericardial effusion. By the time 
we learned of this no blood was available from the infant, so the 
test could not be repeated. The autops>' findings confirmed our 
diagnosis of erythroblastosis fetalis as did the gross and microscopic 
appearance of the placenta. 

Another interesting bit of evidence is brought out in this patient’s 
8th pregnancy (Table 3). She was moderatelj’’ anemic on admission 
to the hospital and in addition had a rather brisk postpartum 
hemorrhage, so that transfusion was definitely indicated. On the 
day of deli^•ery the patient was transfused with the husband’s 
blood (Group A, Rh+), hut the transfusion had to be stopped 
after 100 cc. had been given because the patient complained of a 
sense of precordial oppression. Within a few minutes the patient 
became hot and flushed and had a severe chill, with the temperature 
reaching 39.6° C. Later on the same day a second transfusion was 
given from an apparently compatible Group 0, Rh+ donor. This 
transfusion likewise had to be stopped after 450 cc. of blood had 
been given because of the development again of lieaviness in the 
chest, headache, dizziness, dyspnea and chills. Two days later & 
third transfusion w'as given from a Group A, Rh— donor. This 
transfusion of 650 cc. was without harm, demonstrating that this 
donor vvas truly compatible. 

The logical conclusion drawn from this chain of events is that 
the patient had an anti-Rh agglutinin in her serum, w’hich reacted 
with the Rh+ cells in the first 2 transfusions resulting in transfusion 
reactions, but did not react with the Rh — cells in the third trans- 
fusion. 


Case 5. Mrs. M. S., a 27 year old para ii, gravida ii, Wassermann 
negative, delivered in this hospital in 1939 a full-term male infant whiC" 
was perfectlj" normal. In 1939 she delivered at home a full-term infant 
which on the 2d day of life developed .severe jaundice. _ The 3d da)' oi 
life the infant suffered from convulsions and was brought into the hospital. 
Examination at the time showed intense icterus, liver and spleen enlarged. 
Blood count: R.B.C. 1,500,000; W.B.C. 14,000; Hb. 10 gm. Smear showed 
many nucleated red blood cells. The infant was transfused with 50 cc. o 
the father’s blood. Death occurred about 3 hours later. Autops)" diagno.'^i. 
was icterus gravis. . • pd 

This patient again became pregnant in June 1941. We first exammeu 
her blood in October 1941 and found her to be Group 0, Rh— witn n 
anti-Rh substance in her serum. Six e.xaminations of her serum betve 
October 1941 and the time of delivery, March 22, 1942, failed to slio" a 
anti-Rh substance. On the latter date a normal 2790 gm. female v. - 
delivered spontaneously. Study of the cord blood showed the 101 . 11 ) 1 . 
be Group 0, Rh-b. The husband is also Group 0, Rh-t-. Blood count on 
the infant showed R.B.C. 4,250,000; Hb. 16 gm., with a normal srnean 
Within the first 24 hours of birth the infant developed a severe rcte 
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had it been treated aecoriiiiif' to tlie plan we have outlined that it 
would possibly be alive today. Certainly the infant should have 
had several transfusions, starting with the first drop in hemo^flobin 
and eount. And eertainly these transfusions should have 

been from Eh—, anti-Eh— donors, and not from the Hh+ father 
as was done in this case. 

Summary. 1. .Six eases of erythroblastosis fetalis are presented 
in which the mother was immunized by the Eh ajtghitinogen from 
the fetus. 

2. In one of these eases, by means of Eh studies on the mother 
antepartum, the subsequent delivery of an erythroblastotic infant 
was expected. 

3. This infant was treated by numerous transfusions of Rli-, 
anti-Eh— blood. 

4. This line of therapy is recommended in all cases of erythro- 
blastosis. 

5. A case of “Jiabitual aborter” is described in which the absence 
of the Eh factor in the mother seems to be the cause of the repeated 
abortions. 

0. It is suggested that the term “Erythroblastosis” be dropped 
and the conditions icterus glavis, fetal hydrops, hemolytic anemia, 
etc., be included under the term “Hemfilytic Disease of the New- 
born.” 
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The relative absorption rates of sulfanilamide, sulfathiazole and 
sulfaguanidine after oral and intraperitoneal administration in oP® 
with a discussion of their clinical significance have been previous ' 
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reported Since the synthesis of sulfadiazine,® considerable 
interest has been aroused in the use of this relatively new chemo- 
therapeutic agent, Feinstone, Wolff, Huntington and Crossley,® 
in studying the toxicity, absorption and chemotherapeutic effec- 
tiveness in experimental animals found the drug less toxic, caused 
less tissue damage than sulfapyridine or sulfathiazole and that it 
had a higher therapeutic activity in pneumococcal, streptococcal, 
staphylococcal and Group B Friedlander’s bacillus infection. In 
man it was found that the drug is readilj'' absorbed from the gastro- 
intestinal tract, not so readily excreted, and that its disappearance 
from the blood is slower than sulfathiazole.'^ 

Of the more common sulfonamides in use (sulfanilamide, sulfa- 
pyridine, sulfathiazole and sulfaguanidine), sulfadiazine is the least 
soluble; approximately 12 mg. per 100 cc. water at 37° C. as com- 
pared to 800, 54, 96, 220 mg. per 100 cc. ‘for each of the other 
sulfonamides respectively. Because of its low toxicity, superior 
effectiveness against pathogenic organisms and its low solubility 
suggested to us that sulfadiazine would be more ideally suited as an 
adjunct in the prcA’^ention of postoperative infection. For these 
various reasons, and the desire to determine the margin of safety 
of reinforcing the local treatment by oral administration of sulfa- 
diazine or other sulfonamides, we have studied the absorption rate 
of sulfadiazine after oral and intraperitoneal administration in dogs 
and after intraperitoneal and local administration in man. 

Experimental. In one series of experiments 4 dogs were used for each 
of the two methods of administration. The dose of powdered sulfadiazine 
was 100 mg. per kg. In order to determine the relationship betsveen dose 
and blood concentration, another small series of experiments consisting of 
1 dog for each of the two methods of administration was used. The dose 
of sulfadiazine was 500 mg. per kg. All dogs were deprived of food and 
water 12 hours prior to the experunental procedure and for an additional 
24 hours following administration of the drug. When sulfadiazine was 
administered orally, it was administered suspended in water by stomach 
tube. For intraperitoneal administration, surgery was performed under 
ether anesthesia. A midline abdominal incision was made, powdered sulfa- 
diazine was applied to the intestines directly beneath the greater omentum, 
aiid the incision closed with catgut and silk. For the purpose of deter- 
mining the extent of absorption, blood was taken at hourly intenmls for the 
first 7 or_S hours following administration, and at 24-hour intervals there- 
after until the test was negative. 

In 7 patients subjected to abdominal surgerj'- under spinal or cjmlopro- 
pane-ether anesthesia, 5 gm. of powdered sulfadiazine were placed within 
the peritoneum, the abdomen was closed without drainage, and absorption 
of the drug was followed every 2 hours during the first 24 hours following 
administration, every 6 hours for the following 24 hours, everj'’ 12 hours 
for the next 24 hours, and everj’- 24 hours thereafter until the test became 
negative, or the patient was discharged from the hospital. The values 
were not followed to zero, as we were concerned with the chief extent and 
rate of absorption rather than the end-point. Urinary excretion was fol- 
lowed every 24 hours whenever ])ossible. In 1 patient operated upon for 
an ancurj’sm of the right femoral arterj’-, another for stab wound of the chest, 
and a third for incarcerated hernia, 5 gm. of powdered sulfadiazine were 
placed in the operative field, incision closed without drainage and absorp- 
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tion of the drug was followed as above. In 5 other patients, treated for 
second and third degree burns involving approximately 35% to 60% of 
the body surface, a spray containing 3% sulfadiazine in 8% triethanol- 
amine was used, as recommended by Pickrell.® In all these cases, as well 
as others, intravenous glucose as ^yell as other forms of supportive therapy 
were administered whenever indicated. Absorption of sulfadiazine was 
follow’ed at frequent intervals. 

Blood concentrations and urinary’ excretions were determined by a 
modification of the method described by Bratton and MarshalF for sulfa- 
nilamide. Colorimetric comparisons were made with a Klett-Sumraer^on 
photoelectric colorimeter with light filter No. 540. 

Table 1.— Comparative Absorption Rate of Sulfadiazine After Oral and 
Iktrapebitonbal Administr.ation in Dogs 


Method of iNo. of Dose Blood conccnlratioii'-hours after administration (mg. per 100 cc.) 

adminis- I ani- [ (mg./ ' . 


tration [ maU 

! 

1 1 s'l 3 4 ^ 5 ' 6 i 7 i 8 ! 24 1 4S i 72 

96 

120 

144 

IGS 192 

Oral ! 4* , 

, 1 1 

100jlG22|2728'28,28i2 7' '0 8^21 

500 , 4 2,0 4 0 4^ G 3,5 3|o 9, 5 7, 5 0,1 3, 0,4; j 

1 ; 

i 


1 

1 

Intra- | 4* j 100 laO|3oUc,37|35*33'3 2^ |2 4jl5j O.t! 0 5 

peritonea! ^ I jsOO 3 1 03^72 7784'?)3’l0 8jl3 8j25 3 19 9^16 y D 1 

0.5 
i4 4 

1 

0.4 

2 4 

'Tr. Tf. 

i.sjo.s 

1 


* Average. 

Tr. » Trace. 


Results. From the average blood levels for each of the two 
methods of administration after 100 and 500 mg. per kg., it is seen 
(Table 1) that sulfadiazine is rapidly absorbed from both the gastro- 
intestinal tract and peritoneum, the peak being reached in _3_to 
4 liours after administration; with the exception of 1 dog receiving 
500 mg. per kg. intraperitoneally, the peak concentration was not 
reached until sometime between the 8th and 24th hour after admin- 
istration. After oral administration of 100 or 500 mg. per kg. the 
rate of disappearance from the blood is the same as that reported 
by Feinstone et al.,^ and the same as that for sulfanilamide,^ sulfa- 
thiazole*^ and sulfaguanidine.* How’ever, after intraperitoneal ad- 
ministration of 100 mg. per kg. the rate of disappearance from blood 
is considerably slow’er than for other sulfonamides studied under 
similar conditions. Approximately 0.4 mg. % sulfadiazine was 
present in the blood after 144 hours as compared to only traces of 
the other sulfonamides after 48 hours. 

In Table 2 are tabulated results on 3 human subjects in which 
sulfadiazine was placed within the peritoneal cavity. Results on 
the other patients are much like those presented, e.xcepting that m 
a few’ patients procaine was used as the anesthetic (w’hich interferes 
with the determination of sulfonamides) and in others urinary ex- 
cretion studies w’ere not as complete as those presented. We ha'e 
purposely selected 3 cases receiving the drug intraperitoneally an( 

2 receiving the drug cutaneously, of the total studied, as being repre- 
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sentative, rather than give all our data as we felt that this would 
be more repetitious than valuable. As can be seen from the table 
the rate of absorption from the human peritoneum is quite different 
from that observed in dogs. As to why there should be a difference 
in rate of absorption, we have no explanation to offer other than 
possiblj'^ the conditions in dogs were not comparable to those in man. 

Table 2.~Fate of a Single Intrapekitoneal Dose (5 Gm.) of 
Sulfadiazine in Man 

Sulfadiazine concentration 

Urine excretion 


Blood 

(nag. per 100 cc.) 



Hours aftei 

. 

. . 

Patient 

admin. 

Free 

Total 

1 

2 

0 7 


D. M. 

5 

0 9 



14 

1 3 

1 3 


39 

1 4 



45 

1 7 



59 

2 6 



72 

2 7 



96 

2 7 



108 

3 2 

3 3 


120 

2 2 



144 

0 9 



168 

0 7 

, 


192 

0 5 



216 

0 3 


2 

2 

3 8 

4 2 

W. S. 

4 

2 8 ' 

2 8 


0 

2 6 

2 7 


12 

2 5 

2 5 


24 

2 4 



48 

1 8 

1 's 


72 

1 5 

1 5 


96 

1 1 



120 

0 9 



144 

0 8 



168 

0 8 



192 

0 8 



216 

0 7 

0 7 


240 

0 6 

0 7 


264 

0 7 



288 

0 5 

0 6 


456 

0 3 

0 3 

3 

3 

1 8 


J. B. 

9 

1 9 



12 

1 6 



24 

0 9 

0 9 


43 

0 8 

0 8 


69 

0 7 



93 

0 9 

0 9 


117 

0 9 



165 

0 6 



189 

0 S 

0 8 


213 

0 6 



261 

0 6 



333 

O.S 

0 8 


357 

0 8 



381 

O.S 

0 S 


453 

0 8 



572 

0.6 

0 6 


Vol. 

cc. 

Free 

mg. 

Total 

mg. 

% 

conju- 

gated 

%of 
total cu- 
mulative 

780 

151 

632 

76 

12 6 


910 

483 

697 

31 

26 6 

860 

613 

844 

17 

43 5 

910 

977 

1310 

25 

69 6 

910 

311 

369 

16 

77 0 

912 

127 

176 

28 

80 6 

795 

107 

124 

9 

85 0 

1500 

77 

94 

17 

87 0 


690 

1292 

1750 

26 

35 0 

680 

655 

960 

32 

54 2 

225 

132 

237 

44 

58 9 

630 

276 

546 

49 

69 9 

670 

193 

344 

41 

76 7 

760 

138 

212 

35 

80 9 

1030 

154 

198 

22 

84 9 

590 

101 

145 

30 

87 8 

730 

117 

187 

37 

91 6 

460 

69 

113 

40 

93 8 

310 

53 

54 

2 

94 9 

460 

23 

25 

, , 

95 4 


850 

282 

284 


5 7 

660 

99 

99 


7 7 

320 

44 

45 


8 5 

150 

29 

37 

22 

9 3 

730 

87 

117 

26 

11 6 

860 

119 

174 

31 

15 1 

680 

94 

150 

40 

IS 2 

720 

194 

276 

30 

23 8 

800 

266 

419 

30 

32 1 

270 

95 

133 

29 

34 8 

ISO 

59 

90 

34 

36 6 

530 

160 

297 

44 

42 5 

1145 

271 

436 

36 

51 3 
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While others have reported peak blood concentrations of approxi- 
mately 8 mg. per 100 cc. in 4 to 8 hours after oral administration, 
and approximately 10 mg. per 100 cc. in 2 to 3 hours after subcu- 
taneous administration of 5 gm. of sulfadiazine,” in our e.xperiments 
maximum blood concentrations were reached in 2 to 108 hours after 
administration and this rarely exceeded 4 mg. per 100 cc. The rate 
of disappearance of sulfadiazine from blood, after interperitoneal 
administration, is also considerably slower than that reported by 
others by different routes of administration.^ '^'’® For the most 
part blood concentrations of approximately 1 mg. per 100 cc. were 
maintained for about 144 hours. Traces of the drug were still 
present 216 to 572 hours after administration. The presence of 
conjugated sulfadiazine in the blood was found only occasionally, 
and this rarely exceeded 5% of the free drug. This is substantially 
in agreement with that reported by others after oral and subcu- 
taneous administration.®'* ’® Urinary* excretion of the drug was 
followed in 3 patients. In 1 patient 85% of the drug was excreted 
within 216 hours, in the second 95% within 288 hours, and in the 
third 51 % within 572 hours. This is considerably* slower than that 
reported by* Satterthwaite et in which they* find practically 
all of the drug excreted within 36 to 48 hours after oral administra- 
tion, and by Peterson et al.,^ in which they* report recoveries of 62% 
to 92 % of the drug within 72 hours after oral, intravenous or sub- 
cutaneous administration. 


Table 3.— Absorption* of Sulfadiazine After Cutaneous Application 

IN M.an 


Patient 

G. P. 


M. M. 


Sulfadi^-zine concentration 


Blood 

(rag- per 100 cc.) 


Hours after . 
admin. 

Free 

Total 

6 

4 S 

5 2 

12 

7 3 

8 4 

24 

12 1 

13 3 

36 

12 8 

13 2 

48 

11 6 

11 9 

GO 

7 9 

7 9 

72 

4 4 

4 4 

84 

2 4 

2 4 

96 

2 5 

2 5 

120 

2 7 


S 

5 5 

5 5 

14 

7 0 

7 1 

19 

6 2 

6 5 

29 

7 5 

8 1 

44 

9 1 

10 4 

67 

9 5 

10 3 

90 

8 2 

9 1 



Urine excretion 



Vol. 

cc. 

Free Total 

rag. mg. 

% 

coniu* 

gated 


1850 

1884 

3345 

44 

210 

447 

602 

25 

1100 

2801 

3507 

20 

130 

25 

39 

3G 

150 

157 

300 

48 

95 

124 

228 

45 

70 

91 

192 

52 

430 

635 

1242 

49 

800 

890 

1729 

4S 


In the patients in which powdered sulfadiazine is'as placed withm 
the operative field as well as in the incision, absorption and excre- 
tion was even slower than that observed from the peritoneum. 
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Blood concentrations ranging betAveen 0.8 and 1.33 mg. per 100 cc. 
Avere maintained for more than 250 hours after administration. 
Total urinary excretion in 1 patient AAdio AA^as kept under obserA'^a- 
tion longer than others (312 hours) AA^'as 41% of the drug admin- 
istered. 

In Table 3 are recorded the results on 2 patients treated for burns 
Avith ‘'sulfadiazine spray.” In other patients similarly treated the 
results AA’-ere essentially the same, AAuth the exception of 1 patient 
AAdio AAoll be discussed 'separately. As can be seen from the table, 
absorption during the first 90 hours of treatment is considerably 
more rapid and greater than absorption from the peritoneum 
or from surgical AAmunds. Blood concentrations during this period 
of obsei-A’^ation more closely approximated those reported by 
Peterson ei al. after oral or subcutaneous administration of sulfa- 
diazine. In the 1 patient treated in AAdiich the burned area iiiA'oh'ed 
approximate!}'' 60% of the body surface, blood concentrations as 
high as 30 mg. per 100 cc. AA'ere obtained. Four hours before death 
the blood concentration had fallen to 23 mg. per 100 cc. Through- 
out the course of treatment (96 hours) the patient remained inconti- 
nent. About 50 cc. of urine Avas obtained by catheterization shortly 
before death. Sulfadiazine concentration of this specimen aa'RS 
6 mg. per 100 cc. Microscopic examination for free and conjugated 
sulfadiazine AA'as negatiA'e. The remaining 4 cases also terminated 
fatally. Death AA'as probably due to secondary infection or 
pneumonia. Autopsy in all of these patients AA'as refused. 

One striking difference obserA'-ed in these patients and those 
receiA'ing the drug intraperitoneally or in surgical AA'ounds AA'as the 
amount of conjugated drug in the blood. In comparing these 
results AAuth those obtained after intraperitoneal administration, it 
is quite apparent that conjugation occurred more frequently, 
although the amount of conjugated sulfadiazine in the blood seldom 
exceeded 10% of the total blood concentration. 

Microscopic examination for free and conjugated sulfadiazine Asms 
Blade on all urine collected. In the 1 dog receiA’ing 500 mg. per kg. 
intraperitoneally, crystals of free sulfadiazine AA^ere found in all 
urine A'oided OA'er 120 hours. In all other dogs no crystals of the 
free drug AA’ere found in the urine. In human subjects crystals of 
free and conjugated sulfadiazine AA'ere found only in the urine of 
Jiatients receiA'ing sulfadiazine cutaneousl}', AA'ith the exception of 
the 1 patient preAUously discussed. 

In examining all our data on urinary A’olume and excretion aa’c 
find that precipitation of free or conjugated sulfadiazine occurred 
only AA’hen blood concentrations AA’ere high or urine A'olumes Ioaa'. 
In urinary concentrations beloAA- 180 mg. per 100 cc. total sulfa- 
diazine, no crystallization of free or conjugated drug occurred. 
IloAA’eA’er, aa’Iicu urinary concentrations exceeded ISO mg. per 100 cc.. 
crystallization of the free or conjugated drug iiiA'ariably occurred. 
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This \yas particularly true in the 1 dog receiving tlie large dose of 
sulfadiazine intraperitoneally, and in patients, during the first few 
daj^s of treatment, receiving sulfadiazine sprayed cutaneously on 
burned areas. 


Discussion and Summary. In man sulfadiazine has been reported” 
as being rapidly absorbed after oral or subcutaneous administration 
of a -single dose of 5 gm. and that higher blood concentrations are 
reached, sustained longer, and excreted more slowly than with 
similar doses of sulfanilamide, sulfapyridine or sulfathiazole. Our 
experiments on dogs, after oral administration of 100 mg. per kg., 
indicate a degree of absorption less than that reported for sulfanila- 
mide, sulfathiazole,” or sulfaguanidine,^ and its disappearance from 
blood approximately that of these sulfonamides. After intraperi- 
toneal administration of 100 mg. per kg. in dogs, the peak concen- 
tration is less than that reported for sulfanilamide,'* and intermediate 
between that reported for sulfathiazole** and sulfaguanidine.’ How- 
ever, peak concentrations are maintained longer with traces of the 
drug still present after 192 hours as compared to 48 hours for other 
sulfonamides similarly administered. 

In man appreciable absorption of sulfadiazine is still evident 216 
to 572 hours after intraperitoneal or local administration, as com- 
pared to only traces of the drug 48 hours after oral or subcutaneous 
administration of a single dose of 5 gm.^ After cutaneous applica- 
tion of sulfadiazine spray on burns, absorption is more rapid and 
blood concentrations higher than those observed after intraperito- 
neal administration or local application in wmunds. This is particu- 
larljr evident during the fiirst 90 hours of treatment after which 
blood concentrations rapidly fall to approximately 2 mg. per 100 cc., 
at which level they remain even though spraying wms onty continued 


occasionally. 

These experiments suggest that sulfadiazine intraperitoneally is 
more ideallj’’ suited to be a prophylactic agent in the prevention of 
postoperative infection than other sulfonamides, since it is more 
slowfy absorbed, so that more of the drug remains to produce 
a more lasting bacteriostatic effect. These results also suggest 
that reinforcing the local treatment with oral administration of 
sulfadiazine or other sulfonamides w-henever indicated majyu'e]) be 
undertaken, particularly in patients where sulfadiazine is use 
wdthin the abdominal cavity or in wmunds, provided the usual pre- 


cautions for these drugs are follow'ed. 


We are indebted to Drs. A. D. Welch and Earl L. Burbidge, Sharp & Dohme, 
Philadelphia, Pa., for the powdered sulfadiazine, and to the Lederle Labors on 
Pearl River, N. Y., for solutions of sulfadiazine used in this study. 
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PREVENTION OF INFECTIOUS ULCERATIVE CECITIS IN THE 
YOUNG OF RATS BY CHEMOTHERAPY OP THE MOTHER 

By Arthur L. Bloomfield, M.D. 

PROFESSOR OF MEDICINE 
AND 

William Lew 

laboratory- assistant 

SAN FRANCISCO, CAL. 

(From the Department of Medicine, Stanford University School of Medicine) 

In a previous paper we demonstrated the prophylactic effect of 
sulfaguanidine against ulcerative cecitis of the rat.^ Briefly, if 
0.5% sulfaguanidine were mixed with the stock diet, animals 
sacrificed after 82 days were only occasionally affected, whereas 
most of the controls showed advanced disease. We, as well as 
others,® have described the course of the lesions. Suffice it to say 
here that the earliest change is a tiny superficial ulceration of the 
cecal mucosa. This gradually enlarges to reach immense propor- 
tions (2 to 3 cm.) with thickening of the bowel Avail and extensive 
pericecal adenitis and cystlike pockets of clear fluid. In extreme 
cases there is a mass the size of a AA^alnut made up of glands, cysts 
and matted coils of intestine. The cause of this interesting disease 
is not yet established. Buchbinder and his associates® feel it is a 
paratyphoid bacillus infection. We have confirmed the frequency 
of Salmonella enteritidw in the cecal contents and in regional nodes, 
but the exact significance of these organisms is not yet clear.® 

Be this as it may, Buchbinder® found that rats removed at AA^ean- 
ing from further contact with the mothers Avere not likely to develop 
cecitis, AA'hereas those left vuth their dams later showed evidence 
of infection. It seemed of interest therefore to find out if sulfa- 
guanidine added to the diet of the mother Avould confer any pro- 
tection on the young. At the time of these experiments cecitis was 
actively epidemic in the rat colony. Healthy stock animals up to 
the age of 3 or 4 months rai’ely showed any definite lesions, but 
irom 5 months on cecitis AA'as frequent and the majority of the older 
animals, of 8 months or over, had adA'anced forms of the disease. 
Ihe exact mode of dissemination of the infection has not yet been 
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worked out but tlicre must Jiave been a a continuous contamination 
of the animals’ quarters so that the agent is introduced with food, 
handling, during sweeping of quarters, cleaning of cages, etc. Hence 
any group of rats even if they were placed from the time of weaning 
in a separate cage eventually developed ceeitis. We have no observa- 
tions on young which have iicen i.solatcd in the bactcriologic sense. 

Inasmuch as cecitis may progress slowly over a period of months, 
it is evident that in the experiments to be described below one 
must consider not only the incidence of the disease in an experimen- 
tal group of rats but also the degree of the lesions. The.se were 
carefully graded according to the following scale: 


0 = no cccitis 

-f- = superficial erosion not over 0.5 era. m dnstneter 
-f + = ulcer 0.5 to 1 cm. in diameter mth greenish slough and 
pericecal adenitis 

-f + -f = ulcer over 1 cm. in diameter with thickening of cecal wall 
and marked perieecitis 

-t- -h -f -f- = evtremo lesions n ith huge ulcer and matted adherent coils 
of intestine 


On this basis a percentage figure for degree of infection could be 
calculated. If 4-+- indicates the most advanced lesion, then 4X the 
number of rats would equal 100% of the maximum possible degree 
of infection in the group. This figure divided into the sum of the 
obsert’ed pluses gives the percentage intensity of the lesions in the 
experimental group. We are aware of all the errors of such a method 
of calculation but figures arrived at in this way are necessary to 
supplement those dealing with the mere incidence of the disease. 


Experiments. Experimenl 1. A series of healthy females about 3 
months old were given the stock laboratorj-^ diet to which 0.5% of sulfa- 
guanidine was added. The animals were then placed irith_ healthy 
of about 4 months and the sulfaguanidine ration was continued througu- 
out pregnancy and until the young were weaned. After weaning, j 
of the rats continued to receive sulfaguanidine rations, whereas the otne 
half were kept on the same stock diet but without the drug. The rats v,eT 
weaned on June 2, 1941, and sacrificed on December 19, 1941. Along 
the two sets of rats described above, a series of controls was run as follow-- 
Control mothers were bred at the same time as the mothers on sulfa^^ ' 
dine and the offspring were weaned at approximately the same time. In 3 
were treated just like the experimental animals and vere killed on C 
same da}’'. The only difference was that neither the controls nor tn 
mothers at any time received sulfaguanidine. 

The results can be briefly summarized as follows: 


Table 1 Summary of Experimest 1 


A 

Mother during pregnancy . . On sulfa- 

guanidine 

Mother during nursinR period . . On sulfa- 

guanidine 

Young after weaning and throughout 

experiments . . On sulfa- 

guanidine 

Incidence of cecal di'ea^e when \oung 

were sacrificed OJ months after weanmg jVowe 


Group 


B 

On sulfa- 
guamdine 

On sulfa- 
guanidme 

No sulfa- 
guanidinc 

None 


No 

No 


No 

83 % 

fejons for 
nio«t part 
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Table 2. — Data on Rats of Group C 


Lab. No. 
mother 
51895 

Lab. No. 
young 

36 

37 

38 

Birth- 
day of 
young 
5/8/41 

AVeight 

at 

weaning 

(gm.) 

30 

34 

32 

Age at 
weaning 
(days) 
23 

23 

23 


39 


32 

23 


41 


34 

23 

51925 

00 

5/12/41 

22 

23 


07 


22 

23 


08 

, . 

22 

23 

51940 

79 

5/12/41 

20 

23 


80 


21 

23 


81 

22 

23 

82 

21 

23 


av. 20 



AVeight 

when 

sacrificed 

(12/19/41) 

Cecitis at autopsy 




(gm.) 

Description 

Grade 

276 

None 

0 

268 

No ulcer, but huge glands 

-f- 

240 

Ulcer 1 cm., whole cecum 
indurated, large glands 
and cysts 

+ + + 

242 

Ulcer 0.8 cm,, large glands 
and cysts 

+ + 

254 

No ulcer, but huge glands 
all through mesentery 

+ 

248 

Ulcer 1 cm., whole cecum 
scarred, large glands and 
cysts 

4" + + 

190 

Ulcer 1 cm., whole cecum 
scarred, large glands and 
cj-sts 

-b-b-F 

220 

Ulcer 0.8 cm., large glands 
and cj'sts 

-b "b 

174 

Huge ulcer, whole cecum 
indurated and matted 
with huge glands and 
cysts 

-b-b-b-b 

210 

Huge ulcer, whole cecum 
indurated and matted 
with huge glands and 
cysts 

-b + + + 

194 

None 

0 

210 

Ulcer 2 cm., whole cecum 
indurated, huge glands 

-b-b-b + 

av. 227 

and cj'Sts 



Table 3.— Summary op Experiment 2 


Group 


A 

Numbei of lats 18 

Mothers during pregnancy On sulfa- 

guanidine 

Mothers during nursing period On sulfa- 

guanidine 

Young after weaning On sulfa- 

guanidine 

Incidence of cecitis when j-oung were sacrihced 

i% of group alTeclcd) None = 0 

"Degree” of cecitis (%) 0 


B 

19 

On sulfa- 
guanidine 
On sulfa- 
guanidine 
No sulfa- 
guanidine 

2 = 10% 

4 


C 

33 

No sulfa- 
guanidine 
No sulfa- 
guanidine 
No sulfa- 
guanidine 

18 = 54% 
28 


Chart 1.— Degree of Lesions in Experiment 2 

Controls -1- -i- -1- -1- d- -1- 

(Group C) 

-i- + + -t--l--f-t--f--t--l--t- + + + + + +ooooooooooooooo 

Evperiment -f 

(Gioup B) -f-hOOOOOOOOOOOOOOOOO 

Each vertical row indicates the degree of the lesion in 1 animal. 

From our previous experience it was to be expected that the rats which 
were on sulfaguanidine rations throughout life tvould not have cecitis. It 
ivas equally certain that mauj’- of the controls would show advanced lesions. 
The conqilete absence of cecitis in the rats whose mothers had received the 
drug (Group B) but who themselves never had any was not anticipated 
and it Avas clear that such a striking result required further confirmation. 
This was obtained in the following e.xperiments, and a discussion of pos- 
sible explanations will also be given. It may be said at this point, however, 
that the results were not due to accidental selection of resistant animals. 
This is ruled out bj" the large number of mothers (6 in Group A, 5 in Group B) 
fleeted at random from the same stock as the 3 control mothers of Group C. 
Groups A and B showed no positive findings at autoiisy. The detailed find- 
ings in the positive group (C) are shown in Table 4. 
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Experimml 2. This was e'^scntially a rejjetition of Experiment 1. The 
mothers and fathers both of the test animals and of the controls vere 
carefidly selected, and when sacrificed none showed any lesion of cecitLs. 
As in the previous experiment the motiiers of the test animals received 
0.5% of sulfaguanidine in the diet during pregnancy and lactation, but the 
young at no time received any drug. A second set of controls which received 
sulfaguanidine throughout the experiment was also run. All the animals 
were sacrificed at the same time at approximately ol months of age. 

The results are summarized in Table 3, and the degree of the lesions is 
graphically .shown in Table 4. This experiment confirms Experiment 1. 
Even though 2 of the experimental group were beginning to show lesions 
the incidence as wmll as the severity was far below that found in the con- 
trols. So that while treatment of the mothers did not confer absolute 
protection on the young it did re.sult in a considerable degree of re^^i'tance 
and definitelj' dela 3 'ed the development of cecitis. 

Experiment 3. It seemed of interest to find out next if the young of 
treated mothers would be resistant to a liigh degree of exposure. Seven- 
teen young rats just weaned from mothers who had received sulfaguanidine 
during pregnancj' and lactation w'ere raised in the same cages vith 20 rats 
of similar age whose mothers had received no sulfaguanidine. If, as actually 
occurred in this case, the controls happened to have a high degree of cecitis, 
the resistance of the young from sulfaguanidine-treated mothers would be 
put to the maximum test because of the intimate contact. All animals 
w’ere sacrificed on the same day at the age of oj months. The results are 
shovm in Table 4 and Chart 2. 

Cecitis occurred in 54% of the test animals as against an incidence of 
0% and 10% in groups of similar rats which were kept bj' themselves after 
weaning (Experiments 1 and 2). However, tlie incidence of cecitis in the 
controls in Experiment 3 was 75% and the dep-ee of the lesions was much 
more extensive as shown in Chart 2. Thus it is clear that even vhen inti- 
mately exposed to other rats with advanced cecitis the young of mothers 
treated with sulfaguanidine during pregnancy and lactation still show a 
striking resistance and acquire the disease later and in milder form than 
do the controls. , 

Experiment 3, as compared with Experiments 1 and 2, also shows that 
rat cecitis is a communicable disease. The suggestion has been made that 
diet and other environmental conditions may determine the developmeot 
of cecitis, but while these may play a part the fundamental role of infection 
is established. 

Table 4.— SmtMARv of Experiment 3 

Group 

Control 
20 

sulfa' 

guanidine 

No sulfa- 
guanidine 
No sulfa- 

guanidinc 

15 - 75% 

54 


2 


Experiment 4-4-4- 

Group 4* 4* ”1" -i"00000000 


Number of rats 
Mothers during pregnancy 

Mothers during nursing period 

Young after weaning 

Incidence of cecitis when > oung were sacrificed (% of 
group affected) 

“Degree” of cecitis (%) 


Experimental 

17 

On Bulfa- 
guamdme 
On sulfa- 
guamdine 
No Bulfa- 
guanidme 

9 = 52% 

19 


Chart 2.-— Degree of Lesions in Experiment 

4 . 4- 4- 4- 4- 

Control + + 1 1 . 

Group 4'4'4'4'‘*“-i'4*4--f'-4' + 4*‘f 
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Experiment 4- This experiment was planned to discover if treatment 
of the mother with sulfaguanidine during pregnancy or lactation only con- 
ferred any protection. Seventeen young of mothers who received sulfa- 
guanidine during pregnancy only, and 25 young of mothers who received 
sulfaguanidine in lactation only, were followed Just as in Experiments 
1 and 2. \Yhm sacrificed after 5| months none of these animals had cecitis 
as against an incidence of 54% in the control young of mothers who received 
sulfaguanidine. 

Finally, Table 5 gives a summary of all the experiments.* 


Table 5.— Summary of All Experiments 

Cecitis 






% 

% 


No. 

Present 

Absent 

incidence 

severity 

All controls (no sulfaguanidine in mothers or 






young) 

All young of mothers receiving sulfaguanidine 

65 

48 

17 

74 

41 

during pregnancy and/or lactation 
Sulfaguanidine to mother and young through- 

69 

2 

67 

3 

0 

1 

0 

out experiment 

Young f' ■’ ■ • ■ 

26 

0 

26 

pregi ■ ■ . 

with ; 

17 

9 

8 

52 

19 


Discussion. The general results of these experiments seem quite 
definite: the young of mothers wdio receive sulfaguanidine during 
pregnancy and lactation develop ulcerative cecitis much less fre- 
quently and in milder form than control animals from untreated 
mothers. This “resistance” is manifest even when test animals 
are raised in the same cages with highly diseased rats, although 
under these circumstances the incidence and degree of cecitis is 
greater. Furthermore, sulfaguanidine given to the mother during 
either pregnancy or lactation seemed to result in resistance on the 
part of the young. 

We have as yet no exact explanation of these interesting phenom- 
ena. It must be recalled that the etiologic agent of rat cecitis is 
unknown. Salmonella are, to be sure, frequently present in sick 
animals, but we have strong evidence against these being the 
primary cause of the disease.^ The possibility of some other category 
of infectious agent such as a virus is by no means ruled out. It is 
also to be noted that practically all the rats in an infected colony 
were perfectly Avell for the first 2 or 3 months; during this time no 
lesions were visible but we are not by any means sure that infection 
did not already exist. With ^druses in particular, long latent periods 
are known to occur as, for example, with rabies and with herpes;® 
some of the natural viruses of mice and rabbits may apparently 
be carried indefinitely without producing evident disease."* Still 
other viruses persist in the host after recovery from clinical infec- 
tion.® Finally, a virus may be carried by a host without producing 
disease until “activated” by some other agent.® The role of Hemo- 
phihis inflmnzx suis in activating the virus of swine influenza, 

* Dr. Charles W. Barnett analyzed the figures and showed that the differences in 
incidence of cecitis in test and in control animals are statistically \-alid. 
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which may lie dormant for at least 2 years in the swine lung^vonn, 
has been coindncinglj^ demonstrated by Shoped 

It may be, then, that the unknown infectious agent of rat cecitis 
is usually acquired very early in life; it is possilde that destruction 
or inhiiiition of this agent in the mother by means of chemotherapy 
allows the young to escape invasion at a vulnerable period of life. 
Disease, if it occurred at all in the.se animals, would then be acquired 
later and perhaps only from a heavy exposure, as in Experiments. 
It is even possible that the Salmonella which are so constantly 
present in cecitis may serve to activate a virus which otherwise 
lies dormant in the infected rat. But speculation seems unprofitable 
until the causal organism is definitely identified and the usual mode 
of invasion is worked out. Meanwhile these experiments are put 
on record because they represent a new type of procedure in prac- 
tical chemotherapyL 

Conclusions. 1. The young of rats which receive 0.5% of sulfa- 
guanidine in their food during pregnancy and lactation only occa- 
sionally developed ulcerative cecitis, wliereas 74% of the young of 
untreated mothers acquired the disease. 

2. Young of treated mothers raised in the same cages with young 
of untreated mothers developed cecitis much more frequently than 
if segregated, but a high degree of resistance is still demonstrable. 

3. Administration of sulfaguanidine to the mothers during either 
pregnancy or lactation seems to confer resistance to cecitis on the 
young. 

4. Possible explanations of this phenomenon are discussed. 
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CLINICAL AND ELECTROENCEPHALO GRAPHIC OBSERVATIONS 
IN SEVERE EPILEPSY UNDER TREATMENT 


By Douglas Goldman, M.D. 

CLIXICAL DIRECTOR, LONGVIEW HOSPITAL 
CINCINNATI, OHIO 


(From Longview State Hospital) 

The last decade has seen remarkable advances in the diagnosis 
and treatment of convulsive disorders. Diagnosis has become more 

certain and satisfactory w'ith the help of the electroencephalograp 
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(E.E.G,)^ and the introduction of diplienylhydantoin-'^ in therapy 
has been a means of bringing relief to manj'^ patients resistant to 
previously available medication. 

This report is the result of study of a group of severe epileptics 
over a long period with aid of the E.E.G., while determining the 
effects of medication, chiefly dilantin sodium and phenobavbital. 
Most of the patients were psychotic inmates of a State mental 
hospital whose psychoses were a manifestation of convulsive dis- 
order. As a group these patients were examples of the most severe 
type of chronic, long-standing illness. A few private patients of 
particular interest are included in the series. It is believed that 
patients with severe illness serve best to indicate the true worth 
of anj?^ form of treatment, particularly when purely clinical evidence 
can be supplemented with objective data such as that furnished 
by the E.E.G. 

The patients are grouped according to severity as indicated in 
Table 1. Brief protocols of individual patients serve as legends 
for tlie tracings made at appropriate intervals during observation. 
The tracings of all but the petit mal patients were made in intervals 
between seizures. 

Table 1.— Severity of Seizures 
Duration oi Before After Result 


No. 

convulsive 

disorder 

Age 

Sex 

treat- 

ment 

treat- 

ment 

Treatment 

Time 

observed 

,■* 

Clinical 

E.E.G. ' 

1 

Over 30 yrs. 

66 F 

4 

3 

Dilantin 

3 yrs. 

Fair 

Fair 

2 

Over 30 yrs. 

40 F 

4 

3 

Fhenob. 

Dilantin 

3 yrs. 

Fair 

Fair 

3 

Over 20 yrs. 

64 M 

4 

3 

Dilantin 

3 yrs. 

Good 

Fair or-f 

4 

About 19 yrs. 

32 M 

4 

3 

Dilantin 

3 yrs. 

Good 

Fair 

5 

Over SO yrs. 

62 M 

4 

3 

Dilantin 

3 yrs. 

Fair 

Fair 

G 

About 2 yrs. 

20 M 

4 

3-4 

Phenob. 

Dilantin 

2 mos. 

Fair 

Good 

7 

About 23 yrs. 

44 F 

3 

2 

Dilantin 

18 mos. 

Good 

Good 

8 

6 yrs. 

25 F 

4 

2 

Phenob. 

25 yrs. 

Good 

Good 

9 

10 yrs. 

42 M 

3 

1 

Dilantin 

3 JTS. 

Good 

Good 

10 

110 g.m. 

3 yrs. 

12 F 

3 

1-2 

Dilantin 

1 5 mos. 

Good 

Good 

11 

1 year =*= 

38 F 

3 

1-2 

Phenob. 

Dilantin 

9 mos. 

Good 

Good 

12 

20 yrs. ± 

42 M 

3 

1 

Phenob, 

Dilantin 

2 yrs. 

Excellent 

Excellent 

13 

f> mos. 

2 M 

2 

1 

Dilantin 

1 yr. 

Excellent 

Excellent 

14 

0 mos. 

5 F 

3 

1 

Dilantin 

3 yrs. 

Excellent 

Excellent 

15 

1 year * 

18 M 

3 

1 

Phenob. 

Dilantin 

2 j’rs.-f 

Excellent 

Excellent 

10 

? yrs. 

25 F 

3 

1 

Dilantin 

2 JTS. 

Excellent 

Excellent 


Grade 1— Complete absence of seizures or equivalents over 6 months. 

2 — Seizures or equivalents not oftener than once monthly. 

3 — Seizures or equivalents not oftener than once weekly. 

4 — Seizures or equivalents more often than weekly. Most of these patients had multiple 
daily attacks at times. 

All of the patients of Grade 4 severity were old inmates, typical 
cases of severe psychosis with epilepsy of long duration. Such 
cases are usually considered unworthy of any therapeutic effort, 
^’et everyone of these patients received some benefit from continued 
treatment. Restraint became only an occasional expedient instead 
of a more or less constant necessity. Patients Xos. 3 and 4 are now 
able to help with some ward tasks. Patient No. 5 had frequent 
bouts of cardiac decompensation associated with frequent seizures. 
With reduction in number of seizures cardiac function has iieen 
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adequate. Patients Nos. 1 and 2 are much less belligerent and 
aggressive and no longer have injuries resulting from violent collision 
with the environment during seizures. All of these (Grade. 4) 
patients are still psychotic and require hospital care, but the 
benefit of treatment is not to be scorned because it falls short of 
complete relief. Grade 3 patients are in many respects as severe 
as those of Grade 4 but showed better response to treatment. 
Patients 7 and 8 have been able to return home with their families. 
Patient 8 suffered one relapse wlien treatment was neglected by a 
rather feeble-minded husband; she returned to at least jan equally 
improved level after renewed treatment. Among the Grade 2 



Key to electrode location in Figures 1 to 16 


patients, No. 9 is an interesting example of psj'chomotor epilepsy 
which would not have been recognized without the E.E.G. While 
taking dilantin his conduct is exemplary and he has suffered but 
one temporary relapse when treatment was omitted. The Grade 1 
patients are living answers to sterile therapeutic skepticism. These 
are patients who have had no manifestations of epilepsy for long 
periods and who by their performance and behavior give unquahned 
evidence of recovery. Patient 12 had frequent seizures and equiva- 
lents for 20 years and has now been free for 18 months and has been 
gainfully employed. Patient 16 probably would not have required 
State Hospital care had treatment been instituted at an earlier date. 
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Fig. 1 Fig. 2 

Fig. 1.— Patient (admitted to Longview Hospital in 1915; age 31) had had seizures 
for many years, a, April 6, 1939, seizures oftener than once daily, confused and 
belligerent. No treatment. TjTiical epileptic tracing, b, May 22, 1939, another 
control tracing, no treatment being given, c, June 29, 1939, having dilantin, 3 grains 
t.i.d. for 9 daj's. Seizures- less than 1 per week. Patient much more manageable 
but still psychotic, d, Februarj' 27, 1942, seizures only occasionally, less than once 
a week, receiving no dilantin but receiving phenobarbital, 1' grains, twice daily. 
Tracing shows some degree of improvement. 

Fig. 2.— Patient (admitted to Longview' Hospital in 192S; age 34) had seizures 
since age 13 — psychosis with epilepsy. She was having seizures more frequently 
than once a week. Her history recounted numerous burns, fractures and other 
injuries resulting from seizures, a, April 11, 1939, control tracing without treat- 
ment, markedly pathologic E.E.G. b, January 17, 1940, dilantin, 1-i grains t.i.d., 
for 7 weeks. Seizures less than 1 in 2 weeks, c. May 2S, 1940, dilantin, li grains 
t.i.d., for 1 week., Phenobarbital, If grains b.i.d., for 2 months. Two seizures 
were recorded on this day and 2 on the following day. This and the preceding 
tracing show no diminution in pathologic acti%'ity. d, Februarj' 28, 1942, dilantin, 
If grains b.i.d., for 6 months or longer. Grand mal seizures only every 2 or 3 weeks 
and these are nocturnal. The interv'als betw'een the seizures showed the patient 
niarkedlj' improved in beh3\'ior although still psj'chotic. Tracing shows marked 
improvement. 
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Fig. 3 Fig. 4 

Fig. 3. — Patient (admitted to Long\-iew Hospital in 1934). Seizures since 1920 
at the age of 42. Patient was confused, had frequent hallucinations, and seizures 
occurred about once per month or oftener. o, May 1, 1939, control tracing. Marhea 
pathologic actmty in E.E.G. between seizures, b, July 24, 1940, receiving dilantm, 
IJ grains b.i.d. Seizures much less frequent but occurred every 2 or 3 months. 
He was able to be a ward worker, although at times his psychotic beha^or was 
aggravated, c, Februarj' 26, 1942, dilantin, 11 grains, twice daily for a year or more. 
Much improved, seizures oceurred less often than every 2 months. He show^ much 
less confusion and continued as a ward worker. At times psychomotor equivalents 
seem to replace the seizures. E.E.G. practically normal. 

Fig. 4. — Patient (admitted to Longview Hospital in 1933; age 23) had had seizures 
since age 14. Onset of psychosis only a few' weeks before admission. Chief eymp- 
toms "organic confusion” and seizures one or more weekly, at times 2 or 3 on I du5- 
a and b, Portions of control tracing — March 31, 1939. Marked pathologic acti'TO 
between seizures, c and d, July 24, 1940, Patient receiving 3 grains of dnamin 
twice daily for over a year. . He was confused and somewhat disturbed on the oa? 
of the tracing. He was having seizures at much longer inten-als, once ® ,™°.” 
approximately. He was much more amenable to ordinary ward care at this tim 
gnd ut times served as a ward worker. E.E.G. improvement is only moderate. 
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In every instance without exception, as indicated in the piotocols 
which accompany the E.E.G., the tracing parallels clinical evidence. 
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Fig. 5 Fig. 6 

Fig. 5.— Patient (readmitted to Longview Hospital in 1928; age 48) had been 
in one or another state hospital since 1907. First seizure occurred at the age of 4 
and the history relates frequent fractures and other injuries during seizures, o. 
May 9, 1939, seizures at variable intervals, sometimes daily. E.E.G. shows marked 
irregular pathologic activity between seizures. 6, July 29, 1940, dilantin, 11 grains 
twice daily, for several months plus phenobarbital 1| grains twice daily for the last 
5 months. Ho was suffering from cardiac decompensation and was confused and 
aggressive. Tracing shows only occasional slow waves and "spikes.” c, Febru- 
ary 25, 1942, dilantin, 1| grains twice daily, steadily for the last 10 months. He 
was having seizures once monthly or less and none for several weeks before the 
tracing. He was psychotic and had occasional confused and aggressive spells. 
Cardiac status was much improved while he vras not having seizures. Tracing much 
more normal than clinical condition of patient would indicate. 

Fig. G.—Patient (admitted to Longriew Hospital, July, 1941; age 20) had had 
seizures since December, 1940. VTas extremely violent, tore his clothing, assaulted 
those around him and had a self-inflicted fracture of a metacarpal bone from striking 
a heavy screen with his hand. He was practically uncontrollable without restraint, 
a, July 10, 1941, control tracing. Had had sodium amytal, grains, intravenously 
2 days before. Marked irregular pathologic activity in E.E.G. h, July 29, 1941. 
Had had dilantin, IJ grains t.i.d., for 2 weeks. He improved remarkably at this 
time, clinicallj’’ as well as in the E.E.G. but later seemed to become resistant to 
treatment which may have been inadequate and was sent to another state hospital. 


Improvement or lack of it is readily recognizable from the tracings, 
rhe degree of change in the tracings was greater than might have 
been expected from previous reports based on shorter periods of 
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observation. Traeiiijj:.s even from the Group 3 and 4 patients 
showed marked ohanRe approaching normal ; and those from Group 1 
patients became imdistinguishable from normal. (Group number 
refers to grade of result.) 
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Fig. 7 Fig. S 

Fig. 7. — Patient (admitted to Longview Hospital, April, 1940; age 44) had had 
seizures since the age of 13 which were worse at her menstrual periods. She was 
psychotic, self-destructive and assaultive, a. May 26, 1940, control tracing, patient 
having seizures about 1 a month, psychotic symptoms and violent ‘‘spells, o. 
July 31, 1940, diiantin, 1 capsule t.i.d., for a month or more. She was having rare 
seizures, less than 1 in 2 months and was cooperative and helpful. She had a dilantm 
rash, but medication was resumed with continued benefit and no return of the rash, 
c, October 25, 1940, tracing made before patient was released. She was subsequenfll 
discharged from the hospital very much improved. She was able to do her house- 
work and had had no seizures for ov-er 6 months at the last report. , 

Fig. 8. — Patient (admitted to Longview Hospital, April, 1930; age 22) had ha^ 
seizures since age 16. She had seizures once weekly or oftener at the time of 
sion. Patient improved remarkably after treatment started, a, J^y 13, I •< 
tracing was taken on the day the patient was allowed to go home on trial visit, 
had been receiving phenobarbital, IJ grains, once or twice daily for a year, 
had had no seizures for 2 months or longer and there was none of the “organic ^ 

sion” which had been present on admission. Only medium and low . 

activity evident. 6, February 12, 1940, tracing was taken when the patient 
returned from trial visit after having neglected treatment for several month^ 
had seizures oftener than once weekly and was in a dirty, disheveled, confuseo 
dition. Patient subsequently improved again and was able to return home. 
ing shows marked epileptic activity between seizures. Treatment apparent . 
essential to maintain more normal E.E.G. status. 
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The corollary which it may reasonably be hoped can be derived 
from these observations is that adequate, vigorous, and above all 
sustained treatment of con^mlsive disorder in its early stages, 
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Fig, 9 Fig. 10 

Fig. 9.— Patient (admitted to Long\'ic-w Hospital, December, 1938; age 36) had 
spells of anger and quarreling and struck his mother. Historj' of abnormal behavior 
since adolescence. He was said to have seizures in 1934 but inquirj' at the hospital 
whore he was at that time indicated that no seizures had occurred, a and h, April 5, 
1939, control tracing. Oply moderate, irregular pathologic activity evident, c, 
September 25, 1940, patient having dilantin, 11 grains b.i.d., for over 4 months. 
His behavior was very much improved. He had no further spells of anger or quarrel- 
ing and was quite able to get along at home with his family. On several occasions 
ho became disturbed when he discontinued medication but was perfectly normal at 
the time this tracing was made. Tracing appears normal and shows marked contrast 
with control record. 

Fig. 10. — Private patient, age 12, who had had epileptic seizures for a year or more, 
n and h, March 20, 1940, seizures once weekly, none on the day of the tracing. Marked 
pathologic activity, c and d, July 24, 1941, dilantin, 11 grains twice daily, and 
phenobarbital, \ grain twice dailj’. She had had no seizures for several months and 
was making better than normal progress in her school work. Moderate pathologic 
activity evident only after liMiervcntilation. 






\?-/-f;*/^jsA . t^,^^ ^v/^^ vr'^Vs/^A%^f'^\Vir;.*ArtVf. 




y-jp 


f'6 


0 

ftt 


<" >''VsvVv,xv ^f^vV'.'■''^^Vl'iVsM^^f^rv 


''^'f//'\vV\-''^VlV^*''v^^ J 


.•v/Vw^V^-WAvv- 


3-9 


/C^tt 

V/'^,A^.^~•vA^*^<•*>«<-«/#^*r//,‘lJ^v^^/',y 

//-/i 



^ ];. ^ ir*^ "'” 


Fig. 11 Fig. 12 

Fig. 11. — A •woman of 38 years with seizures and possible psychomotor equivaiente 
onset within a year. There was a question of an intracranial lesion because she bao 
focal seizures from the right and sometimes from the left side and a suspicious P"™' 
moencephalogram. The subsequent history after the last tracing recorded showM 
that no lesion was found on exploration of the brain, but the patient continues famj 
satisfactory under treatment, a, March 6, 1940, no medication at this time, o. 
October 23, 1940, dilantin, 1| grains t.i.d., and phenobarbital, li ^ains onceor tmce 
daily, for several months. Marked relief was noted. Tracing within noimal hmits. 
c Noi'ember 20, 1940, patient was asked to report after omitting medication for 
1 -week, but she stated that she was unable to do this because of the sevaiity o' P^' 
chomotor restlessness that occurred under such circumstances. She had, therefore, 
resumed taking dilantin and phenobarbital after only 2 days’ omission of the trea - 
ment. The tracing, therefore, does not represent the untreated status. It appear 
nonaai. d, December 13, 1940. Patient remained off medication 2 
reported when she stated that she "was feeling very bad” and could not hold ou 
longer without treatment. It is apparent from the E.E.G. that her neurotic symp- 
toms were psychomotor equivalents -which the patient recognized as being abnom • 
Pig. 12. — Man, aged 42, admitted to Longidew Hospital, April, 1940; first scizw 
occurred in 1920. The seizures consisted of psychomotor equivalents, d®nesias d ^ 
fugues. He denied having any major attacks but during observation on 
was seen to have localized and mild general seizures frequently. «. Apnl 29, > 

marked pathologic actixdty between seizures. 6, May 17, 1940, dilantim 3 
t-nice daily for 2 weeks, c, June 18, 1940, dilantin, 3 grains for 6 weeto- d, "j"’ 

1940, dilantin, 3 grains twice daily, for 10 weeks. He had had no seizures 
was started on dilantin. He has been out of the hospital since 
and has made a good adjustment. He is supporting himself. He h/is had no i 
seizures. The last two E.E.G. are within normal limits. 

( 396 ) 
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preferably under E.E.G. control, may be able to restore patients 
to complete freedom from seizures and to protect them from late 
catastrophic sequelae such as psychoses, 

— — 

T *f70 r 

Jno 

y* I iitf -f j>t»- 


wv/tpv^\A'l^ 


rf-we-s" 




^-xuj; — I F** 


7-/A c 

{ Xa** 





d 


Fic3- 13 Fig. 14 

Fig. 13. — Boy, aged 2^ years, private patient, who for several months had been 
having one or more "blank spells” daily, a. May 28, 1940, control tracing before 
tracing, shoiving pf/?V fnal attack, b, November 7, 1940, i grain dilantin twice daily. 
No seizures had been obsen'cd for 4 months. Irregular high voltage 4/second activ- 
ity not abnormal in a child of 25 years. 

Fig. 14.— a girl aged 5, who had been having “blank spells” lasting up to 5 minute 
several times for several months, a and 6, portions of the tracing taken June 19, 
1939, before treatment. Part of a t>T3ical pciii mat attack is shown in b. c and d, 
February 27, 1942. P.atient now aged S, receiving dilantin, 25 grains dailj' in 3 doses, 
and phenobarbital, 5 grain at bedtime for 25 years. She had had no seizures for a 
year or more, was making better than average progress in school. The tracing is 
nornwl for a child of S. 
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Conclusions. 1. Electroencephalographic (E.E.G.) and clinical 
observations on 16 cases of severe epilepsy are presented. 

2. The course of every case was definitely modified treat- 
ment, and in most cases markedly improved. 

3. Clinical improvement was paralleled by E.E.G. findings. 

4. Some cases of convulsive disorder can be completely relieved, 
and progressive deterioration prevented. 

REFERENCES 

1. Gibbs, F. A., and Gibbs, E. L.: An Atlas of Electroencephalography, Cam- 
bridge, 1941. 

2. KimbaIvB, 0. P.; J. Am. Med. Assn., 112, 1244, 1939. 

3. Mebkitt, H. H., and Putnam, T. J.: J. Am. Med. Assn., Ill, 1008, 1938. 


MINEEALS AND THE TOXEMIAS OF PREGNANCY 

By Carl T. Javert, M.D. 

assistant attending obstetrician and gynecologist to the new YORK hospital; 

INSTRUCTOR IN OBSTETRICS AND GYNECOLOGY, CORNELL UNIVERSITY 
MEDICAL COLLEGE 

Cesira M.4CRI, B.S., M.A, 

RESEARCH ASSISTANT 
AND 

Katherine Kuder, M.D, 

ASSISTANT ATTENDING OBSTETRICIAN AND GYNECOLOGIST TO THE NEW YORK HOSPITAL, 
INSTRUCTOR IN OBSTETRICS AND GYNECOLOGY, CORNELL UNIVERSITY 
MEDICAL COLLEGE 
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The incidence of eclampsia and preeclampsia is much lower 
today than a decade or two ago, and prenatal care and adequacy 
in diet are usually credited with the reduced frequency. Neverthe- 
less, one occasionally sees toxemia develop in patients receiving the 
very best antenatal care. Clinical observation of our antepartum 
patients indicates that mild and severe preeclampsia seldom occur 
in patients receiving iron therapy. It is the purpose of this com- 
munication to demonstrate our experience with 539 patients thus 
treated. 

Present Study. The incidence of all types of toxemia of preg- 
nancy in 27,405 pregnant women delivered in the Woman’s Clinic 
of the New York Hospital, over a 10-year period (1932-1941), is 
10.6%, The classification of the American Committee on Maternal 
Health has been employed. As indicated in Chart 1, there has 
been a decline in the total incidence during the past few years to 
about 7%. The reduction has been primarily in the mild and 
severe types of preeclaiupsia as shomi in Charts 1 and 2. The renal, 
hypertensive and unclassified forms of toxemia have shown no sig- 
nificant variation. The incidence of eclampsia has not varied, but 
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it is 10 times less than the percentages reported in 1923 by Harrar® 
from the Lying-In Hospital, and by Plass® for the year 1927. 

A nutritional program was instituted in 1935, the Nutrition 
Department of the New York Hospital collaborating in the regula- 
tion of the diet. At this time, a hematology clinic was also estab- 
lished and, as a result, various iron preparations were given to pa- 
tients in both the antepartum clinic and the hematology clinic. 
There is ample evidence in the literature that mineral requirements 
are increased in pregnancy, hence the basis for the rather indis- 
criminate use of the iron therapy. Did these factors contribute to 
the lowered incidence of mild and severe preeclampsia? 

The clinical study comprises 539 patients who received mineral 
supplement in the last trimester of pregnancy. Of these, 151 were 
given iron ammonium citrate, 212 ferrous sulphate, and 176 were 
placed on Endomin.* The daily intake of iron was 6 gm., 1.2 gm. 
and 72 mg. in tliese three groups, respectively. The hemoglobin 
response in many patients treated in the last trimester with either 
of the three preparations was sometimes nil. The reduced amount 
of hydrochloric acid in pregnancy may have been a factor in iron 
absorption. IMoreover, Fowler* and Barer^ have observed that 
when 1 to 3 gra. are given daily, that from 26% to 32% of the iron 
is retained, presumably in the liver and spleen, with negligible 
change in the hemoglobin. Perhaps these factors pre^^ent a rise 
in hemoglobin v4ien requirements are increased, as in pregnancy. 

The incidence of toxemia of pregnancy of all types in the patients 
receiving mineral supplement was 4.4%, or 24 cases in 539 patients. 
As shown in Table 1, this is less than half of the incidence reported 
for the control period. The chief reduction occurred in the total 
incidence of eclampsia and preeclampsia, namely, 1.68% versus 
5.68%. When the treated patients de^^eloped toxemia, one was 
often able to disco\'er that the medication had not been taken regu- 
larly, or was commenced just before the toxemia de^'eloped, so as to 
have had ver^' little effect. As can be expected, the treatment pro- 
duced no significant change in the incidence of renal, hypertensive 
and unclassified forms of toxemia. 


Tahi.e 1. — Incidence of Toxemia of Pregnancy in 539 Patients Having Dif.t 

St^PPLEMENTED WiTH I RON 



Treated Rrotip 

riinic incidcnee 
1932-1941 

Type of tovcmia 

No. 

% 

% 

Ecl.mipsia 

. 0 


0 20 

PreOolanipsin, mild 

. S 

1 5 

4 04 

PrcOclampsia, severe 

. 1 

0 IS 

1 04 

Renal and hypertensive disease 

. S 

1 5 

1 of) 

Unclassified 

7 

1 3 

1 9 

.\<'uto yellow .atrophy, vomitiup:, etc. 

. 0 


1 29 

Total toxemia, all types . . 24 

* Courtesy of Reed & C.arnriek 

4 4 

10 no 
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Crawford® maintains that the hemoglobin parallels the hematocrit 
near term, at delivery, and early postpartum, and concludes that 
there is no shrinkage or swelling of the red corpuscles. This view 
is open to question, since microcytosis is often marked. The average 
cell volume and hemoglobin rvalues of 200 patients are given in 
Chart 3. Determinations were made in the various weeks of gesta- 
tion, at deli\mry and on the third day and six weeks postpartum day. 
The normal non-pregnant values of 44% for the cell volume and 95% 
for the hemoglobin were replaced by values of 34% and 80%, 
respectively, at term, indicating a greater percentage decrease in 
the cell volume than in the hemoglobin. Labor was associated with 
a slight increase in both which was maintained on the third post- 

ANTEPARTOM WEEKS P. P. 

3ft0 6 

0 < 8 12 IE 20 2^1 28 32 36 <0 DAT WKS 


45 100 



Chart 3. — Cel! volume and hemoglobin values decrease m normal pregnancy. 


partum daj", in the absence of hemorrhage, infection and toxemia. 
At 6 weeks postpartum, the values were still a little below the non- 
pregnant values. This was not seen in the group of 8 patients 
receiving iron supplement during pregnancy whose values at term 
were: cell volume 41 % and hemoglobin 93%, as shown in Chart 4. 
Ordinarily, such high values at term accompany toxemia with 
edema, as Diekmann,'* Crawford,® Pastore® and our own experience 
have shown. In toxemic patients with edema, the high cell volume 
before delivery is followed by a great drop postpartum, even though 


hemorrhage or infection have not occurred. 

Diekmann’* states that anemia predisposes to edema, and that 
edema and hypertension occur more frequently in anemic patients. 
Pregnancy is associated with a physiologic anemia or “hydremia 
resulting in a fall in the hemoglobin and cell volume as shown m 
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Chart 3. This change may also be due to increased fetal and 
maternal requirements, since the administration of minerals early 
in pregnancy prevented the marked decrease in 8 patients as shown 
in Chart 4. The lower cell volume at term may also be due to a 
decrease in red cell diameter, as microscopic examination of blood 
smears appears to indicate. 
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Chart 4. — Cell volume and hemoglobin values. Mineral supplement appears to 
prevent a decrease if started early in pregnancy. 

'Table 2. — Maternal and Fetal Data in 17C Patients Receiving a Mineral 


Maternal blood values at terra 

Supplement 

Treated patients 

Clinic control 

Cell volume 

38 0% 

34 

Hemoglobin 

84 0% 

81 

Body weight 

69 4 kg. 

72 2 

Duration of pregnancy 

39 9 wks. 

40 

Primiparas 

48 0% 

52 

Multiparas 

62 0% 

48 

Toxemia, all typos 

4 8% 

10 7 

Blood loss 

183 cc. 

244 

Fetal — cord blood values: 

Cell volume 

. 59 0% 

54 

Hemoglobin 

122 0% 

12G 

Weight; 

At birth 

3388 gm. 

3220 

Third day 

3205 gm. 

3020 

Tenth day 

3407 gm. 

3220 

Stillbirths . 

1 4% 

3 5 

Excessive sized infants 

10 0% 

11 

Premature infants 

3 0% 

2 


Mineral Supplement Study. A mineral supplement* was given to 
170 patients on an adequate diet during the last trimester of preg- 
nancy. and data on this series of patients is provided in Talile 2. 

* Endomin, courtesy of Reed Carnrick. 
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The daily dosage of 3 tablets, t.i.d., provided 72 mg. iron, 5.4 mg. 
copper, 2.7 mg. zinc, 3.(5 mg. manganese, 0.27 mg. nickel and 
0.27 mg. cobalt. The treated patients had a higher cell volume 
at term, indicating a hematinic action. The increa.se in hemoglobin 
was not appreciable, probably because of the increase in the number 
of red cells that %vere filled, and perhaps iron storage took place. 
Had treatment been started earlier in pregnancy, higher \'alues 
miglit have been obtained, as indicated by the study of 8 patients 
shown in Chart 4. The weight gain was nearly 3 kg. less ((5 pounds) 
in the treated patients than in the control group. This may be 
indicative of less accumulation of tissue fluid and, therefore, the 
contributing factor in the lower incidence of toxemia, namely, 
4.8%. The distril)ntion of primiparas and multiparas was essen- 
tially the same in both groups of patients. The control values or 
percentages are those ordinarily employed in the Woman's Clinic, 
and most of them are available in Stander’s” textbook. The average 
blood loss in the third stage of labor and the incidence of postpartum 
hemorrhage were not increased in the treated patients.- 

The infants born to the treated mothers had a definite increase 
in the cell volume of the cord blood, but not an appreciable increase 
in the hemoglobin. Perhaps the same factors were responsible as 
have been described above for the mothers. The average weight at 
birth was slightly greater than in the control group, as were the 
weights on the third and tenth days of life. The number of exces- 
sive sized and premature infants was not increased. There were 
fewer stillbirths in the treated group. 

Discussion. The phj’^siochemical causes of cellular swelling in pre- 
eclampsia are beyond the scope of this paper. Clinically, five factors 
may be borne in mind: (1) swelling of the kidney parenchyma is 
limited by a tough renal capsule; (2) the cerebral swelling is limited 
by the bony skull; (3) clinical improvement when the infant dies 
in ntero; (4) maternal liver damage; (.5) a seasonal variation of the 
disease (highest in the winter). 

The clinical effect of an adequate diet and the administration of 
iron and other hematinic minerals in lowering the incidence of pre- 
eclampsia has been referred to above. There is experimental evi- 
dence showing a possible relationship of iron to preeclampsia. 
Stander, Duncan and Sisson*®-*'' found 51 mg. of iron per 100 cc. of 
whole blood in non-pregnant subjects. In normal pregnancy, Sachs' 
and his coworkers report a value of 41 mg. In preeclampsia, 
Stander*®-** et al. obtained a value of onlj’’ 34 mg. Clinical evidence 
of iron deficiency before delivery is not confirmed by the unusually 
high cell volume and hemoglobin values in patients with pre- 
eclampsia. However, it becomes more evident postpartum when a 
marked drop in both cell volume and hemoglobin takes place. 

'\^^^at mineral deficiencies affect the nutrition and structure o 
organs, especially the liver? In rats, Alt* found a markedly lowercf 
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iron content of the liver in pregnancy. According to Scliultze and 
Kuiken,”'^” deficiency in both iron and copper decreased the cata- 
lase activity of the liver, kidney and blood of the rat. Wachtefi® 
and his coworkers found that rats on a zinc deficient diet had an 
elevation in the blood uric acid from 3.9 to 6.1 mg. Are defi- 
ciencies in these minerals contributorj^ to the liver damage and 
associated changes which characterize preeclampsia? Clinically, 
the use of good diet and a mineral supplement appears to lower the 
incidence of the disease, as shown in Chart 2, which places adequate 
nutrition in the foreground as a preventative measure. 

In years gone b}^, chlorosis was a common condition in adolescent 
girls, and today “green sickness” has virtually disappeared. Im- 
proved diet, sunlight, fresh air, and correction of iron deficiency 
have been credited with this result. The occurrence of chlorosis in 
young girls, often precipitated by the increased requirements pro- 
duced by the onset of menstruation, may be analogous to the in- 
creased requirement in pregnancy, since preeclampsia is more com- 
mon in primiparas and elderly primiparas. The decreased incidence 
of preeclampsia following a nutritional program of adequacy points 
to a deficiency in the retention of iron, and other hematinic minerals, 
as a possible underlying factor in this condition. The work of 
Barer^ and Fowler® is significant in this regard. They concluded 
from iron balance studies that the loss of 5.28 mg. of iron per period 
was not met by the ordinary diet, and that such continued loss may 
deplete the iron reserves and ultimately result in anemia. If under 
such circumstances patients became pregnant, the increased fetal 
and maternal requirements are likely to precipitate a physiologic 
anemia. Such patients are more apt to develop edema and hyper- 
tension, and so perhaps preeclampsia. Administration of iron to 
a^''oid depletion of the storage appears to prevent this type of toxe- 
mia from developing, as stated above and also observed by Moore 
and Pillman- Williams."^ 

Conclusions. 1. Establishment of a nutritional program in the 
antenatal clinic has been accompanied by a decrease in the number 
of patients having mild and severe preeclampsia. 

2. Physiologic anemia of pregnancy may be evidence of decreased 
absorption, increased requirements, microcji:osis and depleted re- 
serves of iron and other hematinic minerals and, therefore, may not 
be entirely due to hydremia. 

3. Tliere appears to be an association of physiologic anemia, 
edema, hypertension, and possibly preeclampsia. 

4. The incidence of mild and severe preeclampsia in 576 patients 
receiving a dietary supplement of iron was 1.68%, wiiereas, over a 
10-ycar period, 5.65% of the patients had these two types of toxemia. 

5. The incidence of renal, hypertensive and unclassified forms of 
toxemia was not changed in the treated patients, nor have they 
varied appreciably since the nutrition program was inaugurated. 
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6. A mineral supplement containing iron copper, zinc, mangan- 
ese, nickel and cobalt is indicated when deficiency is proven or 
suspected. 
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THE TREATMENT OF LEAD POISONING BY SODIUM 

CITRATE 

By Seymour S. Kety, 

AND 

T. V. Letonoff, M.S. 

PHILADELPHIA, PA. 

(From the Division of Biochemistry and the Medical, Neurological and Surgical 
Sendees of the Philadelphia General Hospital! 

Le.ad poisoning, despite our knowledge of its etiology and patho- 
genesis, remains one of the most important of occupational diseases. 
A new and effective agent for the treatment of this condition is 
described in the present study, which represents the results of the 
therapy of lead intoxication by means of sodium citrate in 15 cases 
of lead poisoning in adults. , 

Although Aub and his group* used sodium citrate in an e.xperi- 
ment on lead excretion in 1925, it was employed merely as a source 
of alkali and not for any specific effects due to the citrate ion. m 
1940 Kety^ showed that in dilute solution sodium citrate 
a powerful solvent effect on the extremely insoluble tertiary lead 
phosphate. Subsequent investigation demonstrated that citrate 
forms with lead a soluble complex of extremely low dissociation. 
By determining the value of the constant of this dissociation 
shown that the citrate ion normally present in human blood nugh 
have an important function in the transportation and excretion o 

* Now at Massachusetts General Hospital, Boston, Mass. 
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lead. The suggestion was offered that the administration of citrates 
might constitute a safe and effective therapy in plumbism.^ In a 
preliminary clinical investigation of the treatment of lead poisoning 
with sodium citrate previously reported/ the authors found a 
marked reduction in blood lead concentration and a rapid clinical 
improvement following citrate therapy. 

Material. Included in the present report are all adult patients under 
our observation admitted to the wards of the Philadelphia General Hospi- 
tal from August 1940 to May 1942, in whom a primary diagnosis of lead 
poisoning was established. In every case there was a known industrial 
exposure to lead, an abnormally high concentration of lead in the blood 
before treatment and sufficient cardinal manifestations of the disease 
(colic, anorexia, weight loss, constipation, neuropathy, anemia, basophilic 
stippling and lead line) to peimit an unequivocal diagnosis. The occupa- 
tions represented are of interest: 7 patients were employed in lead smelting 
plants, 3 were battery workers, 1 was a painter, 1 a paint mixer, 1 a plumber, 

1 an oxyacetylene torch operator who had been cutting through heavily 
painted steel plates, and 1 an attendant in a shooting gallery so heavily 
contaminated with lead that the floor dust was collected and sold for 
salvage of this metal. 

Method. Nine of the 15 patients for an interval after admission received 
no medication likely to influence lead metabolism. Pain was controlled 
by tincture of belladonna, codeine or morphine, constipation treated with 
cascara sagrada, and no other drugs were administered. In this manner 
control periods were obtained and used as a means of better evaluating the 
citrate treatment. During the period of citrate therapy the patients were 
given 4 or 5 gm. of sodium citrate dissolved in 1 ounce of water, 3 or 4 times 
daily. Four patients presenting severe colic on admission were given at 
once 60 cc. of a sterile 2.5% aqueous solution of sodium citrate by vein. 
No other drugs, with the single exception of cascara, were administered or 
even found necessary during the citrate treatment. All patients received 
the regular hospital diet throughout the study. 

On admission and at intervals thereafter blood lead concentrations were 
determined by the method of Letonoff and Reinhold® slightly modified. 
By this method nonnal blood yields 0 to 0.05 mg. of lead per 100 gm. of 
whole blood. Hemoglobin values (reported as gm. per 100 cc.) were 
determined photocolorimetrically by the method of Sanford, Sheard and 
Osterberg.^' 

Results. Blood Lead Concentration, Changes in blood lead con- 
centration before and during citrate therapy are presented in 
Figure 1. It is seen that whereas there is no consistent change in 
blood lead before citrate, the administration of this substance is 
accompanied by a marked fall in blood lead concentration in every 
case, so that after 20 days of citrate therapy there is no value over 
0.1 mg. per 100 gm. Table 1 represents a summary of the statistical 
analysis of these data. No significant change in blood lead was 
found before treatment, while after o, 10, 15 and 20 days of citrate 
therapy there was a highly significant reduction in blood lead con- 
centration. In a few patients (Cases 3, 5, 9, 11 and 12) the initial 
fall in blood lead under citrate is followed by a secondary rise during 
the cour.se of the therapy. This rise, however, is ne\'er great, the 




Tig 1 — Changes m blood lead concentration before and after treatment b> sodiiitn 
citrate The vertical line indicates the beginning of citrate therap\ 


Table 1 


Duration 


5 da^s 
10 dajs 


-A^ euage Change in Blood Lead Concevtbation Before ^nd Dlri^o 
Citrate Ther^pi and Its Statistical Treatment 


A\ change 

No blood lead Standard 
cases 7Pb/100gm error 


5 daj8 
10 dajs 
15 dajs 
20 daj 8 


8 

+ 94 

Without Treafmait 
±14 4 0 65 

0 5 

6 

- 0 17 

±21 1 

0 008 

0 99 

14 

-58 9 

Under Cxlra'e Treatment 
±11 7 5 03 

<0 01 

13 

-82 7 

±1C 4 

5 04 

<0 01 

10 

-89 3 

±25 9 

3 45 

<0 01 

8 

-89 3 

±24 8 

3 60 

<0 01 


Interpretation 


No change 
No change 


Highlj oignificant (a 
Highly 

Highlj significan W 

Highb significant faH 

* “t ' IS a \alue obtained by dividing a mean hy its standard error, and was 
R K Fisher in his so-called table of ‘t as an index of statistical significance for *} • .ijjjood 

‘ p ' IS a % alue obtained from Fisher’s table for each \ alue of ** t ’ and repr^ents tne u 
that the result in question could ha%e arisen simph bj chance Values of ’ P ^^nsjder^ 
uBualh regarded as statisticallj significant while i ahies of the order of 0 01 or le^^s are co 
highh ‘*ignificant 

Three patients (Cases 1 , 3 and 9) were seen again se\ eral months 
after the conclusion of citrate treatment. In each the blood leaf 
concentration at that time was practically within normal hmi s 
(0.06, 0.05, 0.053 mg. per 100 gm. respectiveU). 

Lead Colic. Twelve of the 15 patients had colic of some 
among their presenting symptoms. In the period before ci r. 
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therapy this was controlled by belladonna or opiates. After the 
institution of citrate treatment, these drugs were not necessary and 
in no case was there a recurrence of abdominal pain. Four patients 
(Cases 8, 12, 13 and 15) were admitted with severe colic of several 
days duration and in these sodium citrate was given intravenously. 
Fifty cc. of a sterile 2.5% aqueous solution was administered very 
slowl.y since this route is not without danger. No untoward reac- 
tion was encountered, and in 2 of the patients (Cases 8 and 15) 
there was a dramatic disappearance of all abdominal pain after a 
few minutes. Citrate was continued by mouth and within 24 hours 
all patients experienced complete relief which persisted throughout 
the period of observation. 

Anorexia. Eleven patients gave a history of anorexia, associated 
in some with weight loss. During citrate therapy there was a marked 
increase in appetite in all 11 cases, and 3 patients who kept records 
of their weights noticed a steady gain during and after citrate 
therapy. 

Neuropathy. Only 2 patients exhibited true peripheral neurop- 
athy. One (Case 4) had unilateral foot drop which improved 
slightly before citrate therapy and disappeared entirely after 2 weeks 
of sodium citrate alone. The other (Case 2) presented an extremely 
severe and extensive paralysis involving all extremities and causing 
total incapacitation. He received sodium citrate, but also brewer’s 
yeast and physiotherapy. After 4 weeks he was able to walk and 
to use his hands, although he was still unable to raise his arms. 

Constipation. Seven patients gave constipation as a major com- 
plaint. This was the one symptom which did not respond to citrate 
therapy. During citrate treatment 1 patient (Case 15) showed 
marked improvement with regular bowel movements without laxa- 
tives, 3 patients showed slight improvement, and 3 noted no im- 
provement. 

Basophilic Stippling. A marked decrease in the number of 
stippled cells was found at the end of treatment in every one of 
6 cases examined for these cells before and after citrate therapy. 

Anemia. All patients in the series had evidence of moderately 
severe anemia. In 10, hemoglobin was determined before and after 
treatment. Of these, 3 showed a marked increase, 3 a slight in- 
crease, and 4 a slight decrease after citrate therapy. No patient 
received medication containing iron during the study. 

General Condition. All patients e.xperienced, and most sponta- 
neously reported, a definite general improvement and feeling of 
well-being in addition to improvement in specific symptoms, soon 
after the institution of citrate therapy. 

Reactions and Other Effects. No reactions attributable to sodium 
citrate or to lead were obser\-ed during our entire experience with 
this treatment in which some patients received 20 gm. of sodium 
citrate daily for several weeks. Contrary to expectation, no symp- 
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toms of alkalosis appeared and there was no significant change in 
alkali reser\x‘ or total base of the blood (Table 2), No patient 
experienced a recurrence or aggravation of the symptoms of lead 
poisoning while recei\'ing citrate therapy, whereas the occasional 
appearance of such reactions is alleged to be a danger in the usual 
deleading methods. 


Tabi.e 2. — CifASoEs IN- Cehtain Blood SetsuM Constituents Before and During 


Citrate Administration 


Expcrimcfit 

Dunition 
of citrati* 
treatment 

CO. 

(vol. %) 

Cl 

Ima. %) 
(XnCI) 

Vrotem 

(%) 

Ca 

(rog. %) 

Inorg. P 
fmg, %) 

1 . . 

. . Before 

~!>7 

'“oor/ 

G.C 

10.8 

4.4 


7 

:,3 

.'/J8 

7.0 

10.8 

4.4 


i4 

03 

om 

6.2 

9.8 

4.2 

2 

Before 

37 

fiio 

6.8 

10.1 

6.0 


r> 

.-,8 

585 

7.1 

10.1 

4.2 


12 

33 

fiOO 

7.3 

W.3 

4.2 


Iff 

38 

o83 




3 . . 

, . Before* 

r,(i 

550 

7.3 

0.9 

3.8 


Before 

54 

COO 

6.6 

9,0 

3.4 


0 

52 

592 




4 . . 

. . Before 

32 

383 

7.2 

10.0 

4.0 


Before 

38 

600 

6.7 

0.6 

4.0 


7 

33 

383 

O.C 

9.4 

3.8 


10 

38 

302 




3 

, . Before 




9.8 

3,4 


Before 




10.6 

4,2 


5 




10.7 

4.2 


11 




11.4 

3.8 

0 . . 

, . Before 




10.3 

3.4 


o 




10.9 

4.0 


10 




10.0 

3.6 


In an attempt to determine whether the effects of citrate on lead 
poisoning were mediated through changes in the acid-base balance 
or calcium or phosphorus metabolism, some studies were made of 
changes in certain blood constituents before and during continued 
ingestion of sodium citrate. No consistent changes were observed 
(Table 2). 

Case Eeports. Case 1, F. S., white male, 49, an oxjiacetylene torch 
operator, had 3 prerdous admissions to this hospital in 1939 and 1940 iot 
lead colic which was resistant even to intravenous calcium. Fourth aaiw^ 
sion, 8-24-40, with mild intermittent colic, constipation, anorexia, muscle 
cramps, lead line. Discharged 9-9-40 asymptomatic after 14 dap_o 
citrate therap}'. Followed as out>-patient from 10-26 to 11-1640, during 
which time he received citrate and remained free of symptoms e.xcept lo 
constipation. Last seen 2-2-41 when he was admitted for another eoncli- 
tion, at which time his blood lead was 0.06 mg. per 100 gm. » 

Case 2.— W. M., white male, 60, a painter for 30 years, admitted 
with complete quaclriplegia of 3 weeks’ progression, weight loss, vomiting- 
Discharged I2-.540 after 27 days of citrate therapy, along with 
yeast and phj^siotherapy. Clinical condition on discharge much 
able to walk and to use hands, weakness of shoulder ^dle persist 
Stippled cells dropped from 4-1- to l-F under treatment. 

Case 3.— G. K., negro, 28, smelter for 5 years, admitted 12-2o4U 
severe colic, vomiting, muscle cramps. Exploratorj' laparotomy y" 
admission \s-ith negative findings but followed by subsidence o* ® 
Citrate therapy started 1-1141. After 4 days patient felt consider. 
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may have accounted for the slow fall in blood lead in the first few days. 
He was discharged 5-20-42 completely symptom-free, having gained 
11 pounds with stippled cells of l-f- in the blood smear. .Hemoglobin on 
admission 9 and on discharge 8.2 gm. Last seen 5-27-42 when he was still 
free of all symptoms. 

Discussion. Although the removal of patients from exposure to 
abnormal quantities of lead during these studies is a factor to be 
considered in explaining the results, it can hardly be of great im- 
portance. This is demonstrated by the lack of significant change 
in blood lead or symptoms during the control periods. 

The results obtained in this clinical study appear to be com- 
patible with the evidence concerning the pharmacologic action of 
citrates derived from ph 5 '^sico-chemical considerations. From a 
knowledge of the nature of the lead citrate complex and its degree 
of dissociation, it was calculated* that a considerable fraction of the 
diffusible lead in the blood stream must exist as the lead citrate 
complex even without citrate therapy, since the citrate ion occurs 
in significant amounts in normal blood.® Being diffusible, this 
fraction should be available for excretion through the kidney. 
Since citrate is known to be metabolized by the liver,*®-^^ it is possible 
that after the lead citrate complex has been transported to the liver 
and the citrate utilized, the lead residuum may be discharged ‘in 
the bile. Thus the citrate normally present in the blood may serve 
as a mechanism of some importance in the excretion of lead. When 
large doses of sodium citrate are taken by mouth, the blood citrate 
content is known to increase. By physico-chemical necessities this 
should result in an increase in the diffusible blood lead fraction at 
the expense of the non-diffusible lead of the blood and eventually of 
the tissues. It can be shown, furthermore, that during this process 
the lead ion concentration of the blood cannot increase.* Thus the 
administration of sodium citrate to patients with lead poisoning 
should result in a rapid clearing of the blood lead content. Ulti- 
mately, an extraction of deposited lead from the tissues should occur, 
accompanied by an amelioration of symptoms and an increased 
excretion of lead in the urine and feces. 

Smith,*® commenting upon sodium citrate therapy, arbitrarily 
groups it among those substances w'hich cause lead storage. It is 
difficult to evaluate this conclusion, since- it is based upon a single 
case given both calcium and sodium citrate without any measure- 
ments of lead excretion. The authors, in studies of lead excretion 
in 9 cases of plumbism before and during citrate administration,*® 
find a significant increase in urinary and fecal lead excretion during 
citrate administration. 

Summary. 1. The results of citrate therapy on 15 cases of lead 
iwisoning in adults are presented. 

2. There is a marked and significant fall in blood lead concentra- 
tion during citrate administration. 
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3. There is an immediate and persistent amelioration of symp- 
toms of lead poisoning during and after citrate therapy. 

4. Intravenous administration of sodium citrate relieved severe 
colic iramefliately in 2 of 4 patients presenting this symptom. 

5. Xo reactions or ill-effects of sodium citrate, or recrudescence 
of symptoms of lead poisoning ivere observed at any time. 

The .^uthors arc imichted to Dr. .lohn G. Rcinhoh! for helpful criticism IVe 
lire also indebted to the late Dr R G Torrcy, the late Dr. R. H. Thorap'on, Dr V>- 
W. Babcock, Dr. C. h. Broun, Dr. H. AV. Schaffer, Dr. H. D. Jump, Dr. T Fitzhugb, 
Jr , Dr W. G. Leaman, Dr. F. Baumann, Dr. S .V Loeuenbcrf;, Dr J. P. North and 
Dr D. W. Kramer on nhose services the patients wore treated, and to the mtcrne« 
and nurses who cooperated in the study. 
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THE SPECIFIC DYNAMIC ACTION OF PEOTEIN 
By .^Iyrtin S. Abel, .M.D. 

PHILADELPHIA, PA 

It is well known that following the ingestion of protein, anti to a 
lesser extent fat and carbohydrate, there is for some time a markc 
increase in bodily energy output. This phenomenon, the sped c 
dynamic action (SDA) of protein, has been the subject of consider 
able experimentation, which has been largely inconclusive m air 
covering any relation between the SD.A. and the endocrine s.i stems- 
The influence of the thxToid, because of its specific influence oR 
basal metabolism, has been especially' studied with regard to o 
and the results have been controversial. In 1895 3 Iagnus-Lex y 
and in 1916 DuBois^ found the SDA of protein and carboh.'^rau 
practically within normal limits in hyper- and hypothyroids. ' 
experiments, also using large protein test meals, showed u 
increase in the SDA of protein in thjToid disease. 
these early investigations were based on small numbers o ca- 
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and the measure of the SDA Avas usually a single metabolic reading 
despite the fact that after a large protein meal the increase in metab- 
olism lasts for many hours. 

Goldzieher and Gordon' used a small protein meal, consisting of 
the whites of 2 eggs, toast and tea, with presumably a more limited 
increase in metabolism which they felt could be adequately measured 
by the difference of 2 basal metabolic rates (BMR’s) before and 
2 hours after the test meal. With this technique in a large series 
of cases only a very slight increase was found in SDA in thyroid 
hyperfunction. Guns and van de Calseyde® used the Goldzieher 
test meal and routine to study the problem, but based their measure 
of SDA on a total caloric output which is apparently obtained more 
from the second BMR reading than from the difference between the 
two. They found increased SDA in 7 of their 8 cases of Basedow’s 
disease, in 4 cases of non-toxic goiter, and in 3 cases of toxic nodular 
goiter. They found a decrease but not to normal after thyroidec- 
tomy in 3 cases of Basedow’s disease. These experiments, while 
interesting, are apparently open to serious criticism. In the first 
place, the number of controls is woefully small— only 3. In the 
second place, their caloric measure is not a true measure of SDA 
but depends as much on the value of the first BMR as the increase 
after the test meal. 

In view of the considerable discrepancies in the values of the 
SDA of protein in thyroid disease as reported by various observers, 
it was felt that there was much in the problem still to be elucidated. 
On an a priori basis, the thyroid gland, whose function is so inti- 
mately correlated with the BMR, should play a role in the produc- 
tion of the SDA, even though there is admittedly a lack of evidence 
to support such a view. If such a relationship existed it would give 
a measure of the ability of the thyroid to respond to stimuli, i. e., 
the te.st meal, as well as its ability to function under static, basal 
conditions. 

The histologic finding of marked acinar overgrowth in some 
thyroid glands, imassociated with marked clinical CA’idence of any 
toxicity, suggests the possibility of the clinical entity of a tliAToid 
of borderline pathology able to function Avell under basal conditions, 
but jierhaps unable to respond normally to an external stimulus, 
like possibly a protein meal. Such an organ might be analogous 
to the pancreas of a non-diabetic patient aa'Iio has nevertheless an 
abnormal glucose tolerance test. In eA-aluating the response in 
metabolism to a test meal it A\'as felt that the time element might 
be just as important as the quantitative response, i. c., a delayed or 
hastened reaction might be just as significant as an increased or 
decreased one. 

In choosing a test meal, the small protein meal of Goldzieher aa'BS 
deemed unsatisfactory for tAA'o reasons: (1) the possible role that 
the cafleinc in the tea might play,® and (2) the consideration that 
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the increment in BiMR, wliich in normals averaged only about 
13%, might not prove to loe sufficiently great to give statistically 
significant differences with as coarse an instrument as the basal 
metabolism machine. In fact, Goldzieher*' reported an average 
increment of 13% in his normal patients and 13.8% in his group 
with thyroid diseases. If a large protein test meal were to be used, 
it would be most important to have an adequate number of controls 
and to avoid the unreliability of a single sample reading after the 
test meal as a measure of SDA. 


Accordingly, a large protein meal, as exclusively protein as pos- 
sible, was devised. The meal consists of 100 gm. of commercial 
gelatin* dissolved in 2 bowls of hot chicken broth, and 17.5 gm. of 
vffiite meat of chicken. The gelatin used was guaranteed by the 
company to contain 85% to 87% pure gelatin, and a nitrogen 
figure for a sample tested in our laboratory checked with that 
figure. White meat of chicken is somewhat variable in content but 
approximates 21% protein and 3% fat.^ The total food value of 
the meal is approximately 123 gm. of protein and 5 gm. of fat. 

To determine a measure of the SDA our subjects, following at 
least 12 hours abstinence from food and at complete rest for at least 
1 hour, were given a preliminary basal metabolism test. Imme- 
diately thereafter they ate the test meal. Then 3, 5 and 7 hours 
after the first BAIR successive “basal” metabolic tests were made. 
These latter tests were approximately 2|, 4f and 6| hours after the 
meal. The patients were at complete rest for 1 hour preceding each 
of these latter tests. At other times during the da}' the}' were 
allowed to move about freely and drink freel}', but have no other 
food or drugs until after the last reading. All patients used in the 
experiments had had previous BAIR’s which agreed within a few 
points w'ith the first BMR of the test. No test was considered 
satisfactory unless the patient had promptly consumed nine-tenths 


of the test meal. 

With these restrictions our data consist of 55 series of metabolic 
readings on 45 patients, 44 of whom were from the wards of ilt. 
Sinai Hospital of Philadelphia and 1 was an out-patient. For the 
majority of tests a Sanborn water basal metabolism machine was 
used, and for a few a -Jones waterless machine was used. The same 


machine was used for all tests in any given series. 

A preliminary experiment consisted in taking the 4 metabolism 
readings on 2 patients, 1 normal and 1 th}Trotoxic, subjected to a 
the above restrictions but not given any test meal. In each sene? 
there was a variation of at mo,st —5%, indicating that disturbances 
in the wards were insufficient to affect materially the metabn ic 


reading throughout the day. _ ... R-irp,- 

Our group of normal controls showed a wide variation jn b.|u 
from —27% to +34%. However, from a careful ciinicai am 


* Kindly donated by the Knox Gelatine Company. 
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laboratory study of these patients they were found to have no 
metabolic complaints, and the abnormal Bhlll’s were due not to 
primary endocrine or metabolic imbalance but rather to causes 
incident to tlieir illnesses. Thus the low BMR’s were due most 
likely to the low metabolism of convalescence, and the high ones 
due probably to residual, afebrile inflammations which could easily 
account for the change.® 

On the other hand, the SDA curves from the members of this 
group showed close agreement. As can be seen from Figure 1, all 
the curves have similar shapes— ail values are increased over the 
first BMR, the peak is reached in the 3- or 5-hour period, and there- 



Fig. 1 


after the curves either go down or remain relatively constant. The 
widest variation in values is at the 3-hour period, and there is much 
closer agreement at the 5- and 7-hour periods. The a\'erage \'alue 
at the 3-hour period is +20, at the 5-hour period +19 and at the 
/-hour period +12. The ordinary statistical limits of normal varia- 
tion, of +^ or - twice the standard deviation,® at the 3-, 5- and 
Miour periods are respecti\'ely from 3 to 37, S to 30 and 1 to 25. 
These limits of normality are shown graphically in Figure 1 as the 
two dotted lines. The chances are less than 1 in 20 that by mere 
chance any one value in a normal SDA curve will lie outside these 
limits in either direction, and less than 1 in 40 that it will lie above 
the upper limits. 
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In 3 of thcbc patients repeat SDA tests ivere made, and tlic repeat 
curves were found to agree very closely with the originals. 

In general the SDA curves in this group with the highest peaks 
were found to come from the patients with the lowest B.MK's. 
The line of regression, as shown in the spot chart Figure 2, is sliglitly 
down, but not significantly so. These results are in agreement aith 
the findings of Baldwin and Shaw/ who found a definite negatiu* 
correlation between BMIl and SDA in 20 unsclected patients. 



-4') -30 ~i0 -'0 0 tto -tto -JO 

P M IQ 

Flo 2 — Spot chart 


Our next group is I of II patients with thyroid disease who had 
SDA curves with one or more points outside the normal range. 
When these curves are examined in Figure 3, it is seen that they do 
not comprise a statistically uniform group like thf)se from normal 
patients. The curves have their peaks at different times ant! there 
is a great deal of variability at each of the time intervals. Ihe 
curves individually show a tendeney to liave their peaks not only 
higher than normal but also later than normal. In each case there 
is at least one point outside the normal limits. The chance of a 
normal curve attaining a iieak value of as much as 31 at the 7-hoiir 
period, as in the einne of A. T., is about 1 in And c’.en the 

chance of nornialh- attaining a \alue of 3! at the .j-hour pciiod. as 
in the nirx'c of A. G.. is Dss than 1 in 100. Moreo\er, the high 
peaks in our normals, as mentioned abo\p. came from patients vitn 
low BlMR's, whereas the patients m this group all had normal or 
high BaiR’s. 

Of the 11 patients in this group, 9 had definite clinical diagnose- 
of hyperthyroidism, either from toxic nodular or toxic diffuse goiter. 
Seven of them were operated on and the diagnosis proved by surgica 
specimen. Of these, the most toxic at the time of the SDA 
were A. T., R. C and S G . all of whom had curves still rising at tns 
7-hour period. In this group the most abnormal curves were o - 
tained from the most toxic patients, and the most nearly norma 
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curves were obtained from the patients showing least evidence of 
hyperfunction and toxicity. 

The other 2 patients in this group, A. G. and H. D., had no defi- 
nite clinical diagnoses of hyperthyroidism. A. G. had a normal 



BhlR and thyroidectomy was performed chiefly for obstructive 
symptoms. On histologic examination, however, her thyroid was 
found to contain a fetal adenoma showing excessive papillary over- 
growth of acinar cells. Ilertzler*" feels that .structural changes of 
this sort are concomitant witli changes of function, although this 
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view is not universal among pathologists. The other patient, H. D., 
evidenced weight loss, palpitation, coarse tremors, excessive emo- 
tional instability and other clinical sjnnptoms of hjTierthjToidism. 
Her galactose tolerance curve peak was .30.3 in the doubtful zone. 
Her BMH’s in the hospital were +32 and +48. However, she had 
had an occasional normal BMR and, therefore, a definite diagnosis 



O 

T 5 ^ 



Fig. 4 


of hyperthjToidism was not made. In both these cases it was fel 
that the abnormal SDA curve was an evidence of incipient or tran- 
sient hj’perthjToidism not diagnosable by other laboratory means. 

Of great interest was the change in the SDA curves of some o 
these patients as their thyrotoxicosis improved preoperativeb , 
under iodine and sedative treatment, and after thyroidectom} . 



ABEL: SPECIFIC DYNAMIC ACTION OF PROTEIN 


421 


A complete series is that of A. T., consisting of 4 SDA curves, 3 on 
successive weeks preoperatively and one 2 weeks postoperative. 
The curves of A. T., shown in Figure 4, change from the first curve, 
grossly abnormal both as to values and shape, to curves progres- 
sively more normal until the postoperative curve is within normal 
limits. That this sort of progression is not a manifestation of learn- 
ing ability is shown by the relative stability of repeat SDA curves 
on C. D., a normal patient, and on F. L., a patient with severe liver 
damage unaffected by treatment. The curves of 2 other thyrotoxic 
patients also show a definite change toward normal values after 
treatment. 

The 5 DA oP Reore/N //y 
CURED Cases of THy/^orox/cosis 


N 



TiMD W Hours /\ftbr First BMR 
Fig. 5 


In keeping with the change toward normal of the SDA as thyro- 
toxicosis is brought under control are findings of essentially normal 
SDA curves in 3 patients with cured hyperthyroidism. Their SDA 
curves are shown in Figure 5 and have normal configurations al- 
though the values are in a low normal range. All 3 of these patients 
had thyroidectomy some years before their present admission, and 
in addition 1 had irradiation for a re&acerbation of symptoms. 

^ Our 3 other patients with non-toxic thyroid disease had normal 
SDA curves, as shown in Figure 6. One patient, H. S., had had a 
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total thyroidectomy for cardiac disease with a resultant Bj\IR of 
— 28 and an SDA curve of rather low amplitude. The other 2 had 
non-toxic goiters, although 1, A. C., was a diagnostic problem. 
She had a BjMR of -f-4(5 and manifested considerable weight lo.ss, 
palpitation and excessive sweating. However, her thyroid was only 
minimally enlarged; a galactose tolerance curve reached a normal 
peak of 20.4, and psychic investigation ju.stified a final diagnosis of 
anxiety state. After psychotherapy her B!MR decreased to -f 16. 
In this case we feel that the normal SDA curve was a laboratory 
indication that this patient’s symptomatology and elevated BMR 
were not due to hypertliyroidism. 


Thet 3 da of PeoTE/N ii\i Tnyi5oiD Patients 
'^ iTH Curves v/ithin Noe^AL limits 


iQ— 



Fig. 6 


The final group of SDA curves, shown in Figure 7, was especial!.' 
interesting because no report could be found in the literature of 
SDA tests on subjects with the diseases of the 4 patients in tins 
group. In cormnon the.v demonstrated liver disease and abnormalh 
high blood cholesterol values. Minor liver damage alone, such a.s 
that associated Avith non-obstructive cholecystitis, is insufficient to 
affect the SDA, for there were several patients in our normal group 
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with such gall bladder disease. So perhaps the added factor asso- 
ciated with the change in blood cholesterol may contribute in the 
production of the abnormal SDA in these cases. 



The patient E. L. had a very severe, fatal liver cirrhosis and a 
blood cholesterol only moderately elevated. The other 3 patients 
had ^•ery high bipod cholesterol values. C. ]\'I. was a case of 
obstructD’e jaupdice and had 8- blood cholesterol of about 500. 
F. L. was a case Yith generalized pigmentation of unknown etiology 
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associated with a hlofjd cholesterol persistently about 700. Biopsy 
of liver and lymph node showed severe liver cirrhosis and reticulo- 
endothelial cell proliferation, ^espectivel 3 ^ 15, LeC. was a patient 
with xanthomatosis, proven by biopsy, and had no clinical liver 
disease, but must have had some of the usual liver involvement 
associated with xanthomatosis. Her 3 curves on 6/6, 6/20 and 7/14 
are correlated with the decrease under treatment of her blood 
cholesterol from about 800 to 600 to 400 respectively. The change 
in shape and amplitude of her curves to normal limits is very 
obvious. 

According to Thannhauser,‘= the value of the blood cholesterol 
is a reflection of the activity of the reticulo-endothelial system. 
Moreover, the liver is the greatest reservoir of reticulo-endothelial 
cells in the body. The obvious hypothesis, therefore, suggested by 
this group of cases is that the SDA is in some wa}’ mediated through 
the reticulo-endothelial system. 

Summary. 1. Using a high protein test meal of chicken and 
gelatin, a technique of obtaining the SDA of protein has been 
described where the measure of the SDA has been the curve of 
4 basal metabolic readings taken respectively immediately before 
the test meal and 3, 5 and 7 hours later. Forty-five subjects were 
used and single or multiple SDA tests performed on each. 

2. On 25 patients, normal as regards absence of endocrine and 
metabolic dj’sfunction, essentially similar SDA curves were obtained 
and limits of statistical normality calculated. In these patients the 
peak was reached in the third to fifth hour. The highest peaks were 
found in those patients wdth the lowest BlMR’s. 

3. In 11 patients wdth hyperthjToid disease, proven or strongly 
suggested, single and multiple SDA curves had points significantly 
higher than normal levels. In those patients with excessive toxicity 
the SDA curves tend to have their peaks shifted to the right. In 
2 of the cases with only possible borderline hyperthyroidism the 
SDA was the only definitely abnormal laboratory finding. In 3 of 
the most toxic patients the SDA curves approached normal limits 
as the toxicity decreased under treatment. 

4. In 3 cases of postoperative cured hyperthyroidism and in 3 
other eases of non-toxic thyroid disease the SDA curves wmre normal. 

5. In 4 patients with varied diseases all evidencing some liver 
damage and elevated blood cholesterol, 2 of whom also had biopsy 
evidence of reticulo-endothelial cell proliferation, abnormal SDA 
curves wmre obtained. Of this group the abnormally' elevated 
curves of the patient with xanthomatosis approached normal as the 
blood cholesterol level decreased toward normal. Therefore, the 
reticulo-endothelial system may be involved in the production oi 

the SDA of protein. _ _ , cni 

Conclusion. It is felt that the method of determining the 
of protein, as described in this paper, may; be' of value in diagnosing 
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Atlas of Ophthalxiic Pathology. Bj' Elbert DeCogrsey, Major in 
the IVIedical Corp.s of the U. S. Army; Formerly Pathologist to the 
Registrj'; and J. E. Ash, Colonel, M. C., A. TJ. S., Curator, Army Medical 
Museum; Roy M. Reeve, Photographer; Helen Campbell Wilder, 
Microscopist; Lam-rence P. Ambrogi, Technician. Prepared at the 
Arm 3 ’ IMedical Museum, Office of the Surgeon-General of the U. S, 
Am}', from material in the Registn' of Ophthalmic Patholog}'. Third 
Edition, revised. Pji. 1.36; profusely illustrated. Omaha: Amer. Acad, 
of Ophthalmolog}' and Otolar}'ngolog}', 1942. Price, S5.00. 

Atlas of DeaNtal .and Or-al Pathology. By Joseph L. Bernier, Major 
in the Dental Corps of the U. S. Amy, Pathologist to the Registr}-; 
James B. Mann, Colonel in D. C., A. U. S., Fomerly Pathologist to the 
Registr}'; J. E. Ash, Colonel, M. C., A. U. S., Curator. Prepared at 
the Amy IMedical ^luseum. Office of the Surgeon-General, from material 
in the Registi}' of Dental and Oral Patholog}'. Second Edition, rerised. 
Pp. 178; profusely illustrated. Chicago: Am. Dental Assn., 1942. 
Price, So.OO. 

Atlas of Otol.abyngic Pathology. By J. E. Ash, Colonel, M. C., A. U. S., 
Curator, with the assistance of J. L. Bernier, Captain, D. C., A. U. S-, 
Assistant Pathologist; Roy IM. Reeto, Photographer. Prepared at the 
Amy Medical Museum, Office of the Surgeon-General of the U. S. 
Army, largely from material in the Registr}' of Otolar}'ngic Patholog}’. 
Third Edition, revised. Pp. 173; profusely illustrated. Oma^ha: Amer. 
Acad, of Ophthalmolog}' and Otolar}'ngolog}', 1942. Price, $.5.00. 

These atlases have an umrsual aim and occupy an unusual position 
among patholog}' publications. The Atlas of Ophthalmic Patholog}' and 
that of Otolar}'ngic Patholog}- “are the outgrowth of the s}'llabus which 
was prepared to accompany the loan .set of slides on [Ophthalmic andj 
Oto!ar}'ngic Patholog}'.” They Avere sponsored by the American Academy 
qJ XI otolar}'ngoiog}', which has adopted them as tevt- 

for ■ : . ■ i ■ ■ Study. The Atlas of Dental and Oral Patholog}' 

was prepared under the authorization of the American Dental As-ociation. 

The material is arranged, as previously, primarily as “atlases of morpho- 
logic pathology Arith only incidental allusion to clinical aspects and to 
treatment and the attempt ha'^ been made to present the matenal as an 
adaptation of the general principles of patholog}' to the special fielde 
In the Ophthalmic Atlas, AA'ith 136 pages of text, each accompaniM o.'^ 
one or more full pages of photomicrographic illustrations, many differen^ 
lesions of the eye are treated. One gets some idea of the A'alue of the 
ial, both for instruction and for comparative reference, by 
parallel columns of Inde.v, AA'here, for example, some 40 different Kmd= 
tumors are listed. The slightly larger Atlas of Otolar}'ngic 
presents equally A'aluable material. One might search long Avithout tm > 
case abstracts and photographs of mastoid cholesteatoma, 
tal defects of the middle and internal ear, .xanthoma, amyloid tu - 
leprosy, blastomycosis of lai^'nx and so on. In the Atlas of 
Oral Patholog}', a “rather complete rcA’ision” has been made. " j 

have been added, also several conditions affecting the pharynx, -e 
pages on dental histology, gas gangrene, and seA'eral blood picture;, 
good measure. 
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year. During the interviews a phj’-sicai and health history— genetic and 
family historj', economic, social, sexual, educational and a;sthetic histories 
were taken, as well as noting characteristic traits and habits, and in special 
cases, when necessary, resorting to free-association and even to dream 
analysis. He then presents a detailed report of the 200 individual cases. 
In the latter part of the book he discusses the tentative conclu-sions which 
in brief are— the 60 traits can be divided in three groups of 20 and these 
three groups in turn correlated with the morphologic types in the order of 
+0.80. The theoretical considerations put forth are quite interesting and 
illuminating. 

It should be stressed that the author is careful to point out that this 
method of study of “constitutional psjmhology” as described by him is at 
the present time only of value as a method of investigation in the hands 
of those people who have been trained in “constitutional pycholog}’.” 
This entails obtaining graduate psi'chologj' work, a degree in medicine as 
well as at least a year's training in this particular method, after which the 
individual preferably should receive a year’s training in a psychiatric insti- 
tution as w'ell as an adequate period of psjmhoanalysis. 0. R. 


Blood Substitutes and Blood Transfusion. Edited by Stu.art Mudd, 
M.A., M.D., Professor of Bacteriology', University of Pennsylvania School 
of Medicine, Philadelphia, and Williaai Thalhimer, M.D., Director, 
Human Serum Division, Public Health Research Institute of the City of 
New' York, Inc. Pp. 407; 94 figures. Springfield, HI.: Charles C 
Thomas, 1942. Price, 85.00. 

This book, a symposium monograph, is the product of 77 authors whose 
contributions were presented, and of those who discussed these contnbu- 
tions at the annual meeting of the American Human Serum Association, 
held in Cleveland on June 2 and 3, 1941. In many instances the results of 
work subsequent to the association meeting have been introduced by the 
authors. The 38 chapters, each of w'hich constitutes a separate contnbu- 
tion, are dhdded into 7 sections, W'hose titles in the order of arrangement 
are: Etiology and Mechanisms of Secondaiy' Shock; Methods of Presem- 
tion of Plasma and Serum by Desiccation and by Freezing; Hemoglobin^ 
Serum Albumin and Casein Digest as Blood Substitutes; Bloody Substitutes 
in the World Emergency; Whole Blood: Storage, Transportation, Admin- 
istration, Isoagglutinins and Blood Group Specific Substances; Therapeutic 
Experiences with Serum and Plasma; and a “recapitulation and outiootc 
by Dr. Mudd. ,. 

Thus, we find an analysis of the mechanisms of secondary shock leaamg 
to the generalization that the basic phy'siologic defect is reduced circulating 
fluid volume. The many questions relating to procurement, preseirabont 
administration and efficacy of human serum and plasma are presented an 
discussed in detail. Experiments with other blood substitutes, 
hemoglobin and human and bovine serum albumin, are described. ' 

of the storage, transportation, and administration of whole blood a 
included. The wartime application of this veiy' Autal subject is presen • 
Each contribution is usually followed with a substantial number of re 


ences. -. 

The assembling of this material into a handy volume comes at a 
useful time in tiew of the many and relatively recent advances m • 
field, the rather widespread establishment of blood banks in hospitals, 
the great impetus given by the belligerent nations. This book is a 
recommended volume for both the investigator and clinician work u 
the field of “blood substitutes and blood transfusions.” 
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and how well the three editors have demonstrated that good adaptation is 
rewarded by success, as well as being necessary for survival. In the course 
of 13 editions, the arrangement as well as the content of material has been 
greatly changed. The classification of diseases by etiologj^ which at first 
occupied about one-third of the text in different parts of the volume, now 
requires one-half of the space and withdraws such diseases as the pneumonias 
and rheumatic fever from their former positions in the respirator’ and 
constitutional sections into infectious diseases. The number of new con- 
ditions, even new sections (such as diseases due to viruses, rickettsias, 
deficiency and endocrine disease) is large and to be expected. Instead of 
6 “Infectious Diseases of Doubtful Nature,” we now fine 14, though 
knowdedge of Onyalai, Big Heel, Barcoo and others maj’ not he vitally 
necessary'’ to most users of the book. 

Man}' sections still retain their historical paragraphs and characteristic 
Oslerian touches. Though one would have greater difficulty today in 
preparing a set of non-medical examination questions from the 14th than 
from the 1st edition, the younger Aphrodite still appears and Plato still 
influences, and v. Helmont's bloody Moloch still warns against excessive 
bleeding (p. 61). Pepper (Secundus), H. C. Wood and Palmer Howard 
are still included in the story' of pernicious anemia. 

To indicate the many' improvements in the present edition is beyond our 
scope. The everincreasing speed of medical progress, especially in the field 
of treatment, has required unusual labor for the new edition. The increased 
number of references at the end of each chapter reflects this situation, which 
Dr. Christian’s retirement from teaching and hospital work undoubtedly- 
helped him to meet. He is to be most wannly congi'atulated on the success 
with which he has “changed the text to fit recent advances in medicine 
and y-et has preserved that spirit of the past editions, which has seemed to 
fill so well the needs of students and practitioners.” E. K. 


Clinic.^vl Anesthesia. By John S. Lundy, B.A., M.D., Head of Section 
on Anesthesia, Mayo Clinic; Professor of Anesthesia, hlay-o Foundation 
for hledical Education and Research, Graduate School, University of 
Minnesota; Diplomate and Member of the American Board of Anesthesi- 
ology,^ Inc.; Member of the Subcommittee on Anesthesia, N^ional 
Research Council. Pp. 771; 266 illustrations. Philadelphia; u. B- 
Saunders Company', 1942. Price, .$9.00. 

This is an extremely' difficult book to review. The author’s purpop in 
writing it is “ to describe most of the methods of anesthesia that I regular.' 
employ' and, some that I use only occasionally'.” The result is necessanly 
not an inclusive coverage of clinical anesthesia as the title imjdies, but an 
account of anesthesia practices at the May-o Clinic. A tremendous anio*"“ 
of work has been done by- Dr. Lundy and it is this vast e.xperience whicfi lie 
outlines. _ , 

Some advantages accrue from this ty'pe of presentation. lor exami i 
regional anesthesia— a strong point at Rochester since 1920-yis adraira ) 
discussed. Furthermore, there is a certain benefit to be derived froin > 
consideration of an individual’s particular beliefs, likes, and dislikes, a 
since this is essentially an individual presentation, the reader has 

opportunity here. , , , i ,,cn nf 

The volume does not lend itself readily to reading, probaoly' oecau- ^ 
loose organization. A laudable attempt has been made in 7 ‘ 

section on Choice of Anesthetics. There is no comprehensive hibliogn p . • 
in all fairness to the author it should be pointed out that these onus, 
may be intentional, since they are recognized in the foreword. ^ 
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SuKGicAi. Pathology. By William Boyd, M.D., LL.D., M.R.C.P. 
(Edin.), F.R.C.P. (Bond.), Dipl. Psych., F.R.S.C., Professor of Patliol- 
ogj^, University of Toronto. Fifth Edition. Pp. 843; 502 illustrations, 
16 colored plates. Philadelphia: W. B. Saunders Company, 1942. 
Price, 810.00. 

Good textbooks of surgical pathologj'^ in English are considerably rarer 
than those on General and Special PathologjL Many advances have been 
made in the 4 years since the 4th edition of this work appeared, so that this 
edition is timely as well as generally desirable. 

In Thoracic Pathologj’’, progress has Ireen so great that a new chapter has 
had to be added, and it is a good one. Other new subject matter includes: 
“head injuries, wound infections, anaerobic streptococcal infections of the 
skin, burns, dermatofibroma, Hurthle-cell tumor, duodenitis, chronic ulcera- 
tive colitis, liver death {i. e., sudden death during operation on the liver— 
Ed.), bile peritonitis, pyelonephritis in relation to arterial hypertension, acid 
phosphatase in carcinoma of the prostate, interstitial endometrioma, plasma 
cell mastitis, fibrosing adenomatosis of the breast, osteomyelitis of the fron- 
tal bone, Arnold-Chiari malformation, skeletal lipoid gi-anulomatosis, injur- 
ies, and tumors of nerves, synovial sarcoma, Ollier’s disease, Morquio’s 
disease, osteoid-osteoma, reticulum cell sarcoma, liposarcoma, and eosino- 
philic granuloma of bone.” 

The references at the end of each chapter, now advisedlj’^ classified accord- 
ing to subject, have been usefully amplified. E. K. 


Inteoduction to the Psycho.analytic Theory of the Libido. By 

Richard Sterra. Nervous and Mental Disease Monograph, No. 68. 

Pp. 81. New York: Nervous and Mental Disease Monographs, 1942. 

Price, $2.00. 

The author protests against those analysts who refuse to acknowledge 
Freud's theory of the instincts, wherein they are considered as active 
stimuli that come from within the body and flow into the jisyche. The 
master told of two large groups of instincts that are antagonistic— those 
concerned with self-jireservation and those of sexuality. In Freudian 
psychology, the libido is concerned solely with sexual pleasure and desire, 
and its development in the child is here considered in the following order: 
first and second oral jihases; first and second anal phases; sadism and 
masochism; the genital phase; the latency period and puberty. It is 
stated that those who iiractice perversions, or indulge in fantasies pertain- 
ing thereto, would include half of mankind. Doubtless the true analyst 
iollowers of Freud will a]iprove of much that this monogra]ih offers. 

N. Y. 


St.sirlixg s Principles of Hum.an Physiology. Edited and Rerdsed bj’ 
C. Lovatt Ev.ps, D.Sc., F.R.C.P., F.R.S., LL.D. (b’ham), Jodrell Pro- 
fessor of Physiology’’ in Universitv College, London. Chapters on the 
Special Senses Revised by H. Hartridge, hl.A., AI.D., Sc.D., F.R.S., 
Physiology' at St. Bartholomew’s JMedical College, Eighth 
Edition. Pp. 12.57; 673 figures. Philadelphia: Lea & Febiger, 1942. 
Price, $10.00. 

'The Sth edition of Starling has been revised, partly rewritten and new 
niatenal added, in accordance with changes in viewpoint and advancement 
lu KiioAvlca.ce of the subject niaterial. As iu the pre^'ioiis editions, certain 
biochomicai aspects of nhvsiQloav are included and ■cre^ented Refer- 
cnees are given in footnotes and at the end of erch section. " 
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Always an excellent text in human physiologj", this modern edition 
maintains and adds to the ^'irtues of its predecessors. While the specialist 
in any given field of physiologj' might differ in some details with the point 
of ^•iew presented, on the whole the subject material is eminently sound, 
well selected and clearl}' presented, and free of involved controversial dis- 
cussions which confuse the student. It is in fact what it is intended to be 
a scientific presentation of the principles of human physiologj' without stress 
on the clinical application, as in some recent texts for medical students. 

The choice between these two t 3 'pes of texts in medical teaching must 
rest in the first instance upon the soundness and adequacy' of the presenta- 
tion of the fundamental principles of phj'siologj*. S. G. 


FuNBA-MENTAIiS OF PSYCHIATRY. Bj’ EdWARD A. StRECKER, jNI.D., Sc.D., 
F.A.C.P., Professor of Psj’chiatrj’ and Chainnan of the Department, 
Undergraduate School of Medicine, Universitj' of Pennsylvania; Psj’chia- 
trist to the Pennsjdvania Hospital; Attending Psjmhiatrist, Psychopathic 
Dmsion, Philadelphia General Hospital. Pp. 201; 15 figures. Phila- 
delphia; J. B. Lippincott Companj’, 1942. Price, .S3.00. 

Belieatng that in the present world crisis it is imperative that some 
psjmhiatric knowledge be available for ph 3 ’sicians in ci\’il and military’ life, 
the author offers this manual to suppl 3 ’ that need. There are important 
chapters on Etiolog 3 ’, Classification of Mental Diseases, Methods of Exam- 
ination and S 3 Tnptoms, Organic Psymhoses, Functional Psychoses and Ps 3 ’- 
choneuroses, and The Ps 3 'chiatry of War. This last chapter discusses the 
impact of war, war and the chihan, war and the soldier, and treatment of 
militar 3 ' neuropsychiatric disabilities. 

Some of the more drastic forms of treatment are described, such as pro- 
longed narcosis in the manic reactions and schizophrenia, and the shock 
treatment, particularly in the latter ps 3 ’'chosis; also leukotom 3 ’ in the pre- 
frontal areas, thereb 3 ' severing some of the fibers between the ideational 
and emotional regions. Ob^dousl 3 ’', onl 3 ' skilled workers should adopt such 
measures and then onh' in hospitals fully equipped for such procedures. 

H 3 ^steria is discussed as a neurosis, also as a neurops 3 mhosis and ps 3 Tho- 
neurosis; such a loose use of terms is not in accord even with the dictionar}' 
and will prove confusing to the average practitioner. It is enlightening to 
learn that chdlians who seek the deeper bomb-proof shelters show more 
fear than do those intimate^' concerned with bombings, such as workers 
in fire brigades. A relative but not an absolute increase in crime is observed 
at the present time. The manual is informative and will meet the needs 
of man 3 ’ critical situations. N. I • 


The Hemorrh.a.gic Diseases .\xd the Physiology of Hemostasis. By 
Ar>u.nd J. Quick, Ph.D., M.D., Associate Professor of Phamiacologi', 
jMarquette Universit 3 ’ School of Medicine, IMilwaukee, Wis. Pp- 340: 
24 illustrations. Springfield, 111.: Charles C Thomas, 1942. Price, So.OO. 
This volume is the most valuable monograph on the hemorrhagic diath^ 
sis that has appeared in recent 3 "ears. Th^e Author’s work, much of which 
has appeared in the pages of this Journal, indicated the true cause of the 
hemorrhagic tendenc 3 ' in jaundice and paved the wa 3 ' for the treatment 
of this condition b 3 ' ^•itamin K. He is not onl 3 ' a distinguished investigator 
but a ver 3 * able uTiter. 

The presentation of the histor 3 ' and ph3"siolog3' of blood coagulation m 
the opening chapters of the book makes one of the most complicated sub- 
jects in medicine remarkabh' clear and understandable. This comprises a 
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very valuable portion of the book. The subject of blood coagulation is 
perhaps one of the most under-emphasized aspects in the whole realm of 
medicine and Dr. Quick’s monograph, coming soon after an important series 
of advances had been made, should be very profitable reading for physicians 
and physiologists alike. J. R. 


A Textbook of Fractures and Dislocations Covering Their Path- 
ology, Diagnosis, and Treatment. Bj'- Ejellogg Speed, S.B., M.D., 
F.A.C.S., Professor of Surgeiy (Rush) of the University of Illinois; 
Attending Surgeon, Presbyterian Hospital; Formerly Attending Surgeon, 
Cook County Hospital, Chicago, 111.; Fellow, American Surgical Associa- 
tion and American Orthopedic Association ; Member of the Central Com- 
mittee on Fractures of the American College of Surgeons; Chairman of 
the Fracture Exhibit Committee of the Scientific Exhibit of the American 
Medical Association; Chairman, Chicago Regional Fracture Committee. 
Fourth Edition. Pp. 1106; 1140 engravings. Philadelphia: Lea & 
Febiger, 1942. Price, $12.50. 

Dr. Speed’s book on fractures is a welcome rehef from the current trend 
toward the edited textbook ivritten by contributors or their assistants. 
One feels that the book truly presents considered judgments based on long 
experience in the management of fractures. 

Dr. Speed’s important position in the surgical profession has undoubtedly 
provided unusual opportunities for keeping in contact with new develop- 
ments in fracture treatment in all parts of the countr3L Manj^^ of these 
newer methods are presented and some of them are recommended. 

The sane viewpomt, practical recommendations, and the concrete experi- 
ences frequently cited combine to make this one of the best reference books 
on fractures ai'ailable to student, general practitiouer, or surgeon. The 
book is abundautty illustrated and while the illustrations do not appear 
to have been reidsed as thoroughly as the text thej' are for the most part 
clear and valuable. J. R. 


Anoxia. Its Effect on the Body. By Edward J. Van Liere, Ph.D., 
AI.D., Professor of Physiologj'^ and Dean, School of Medicine, West 
Virginia Universit}’^, Alorgantoma. Pp. 254; 16 figures and index. 
Chicago: University of Chicago Press, 1942. Price, $3.00. 

A REVIEW of the literature dealing with this subject is especialty oppor- 
tune now because of the verj-^ rapid e.xpansion of interest in problems of 
aviation, among which anoxia is of course prominent. The Author for 
many years has had intimate contact with some phases of the anoxia prob- 
lem and is well qualified for the task of assembling the voluminous, often 
conflicting, data and opinions. He has done this thoroughty and has 
included a complete bibliographj’-, so that the book should prove valuable 
not onlj’ to specialists in aviation medicine but also to general practitioners 
and to students and researchers in physiology’. C. S. 


A BinnoGR-XPHY OF Aa'iation AIedicine. Bi’ Ebbe Curtis Hoff and 
doHN Farquh.\r Fulton. Prepared for the Committee on Amation 
Medicine, Division of Aledical Sciences, Xational Research Council Act- 
ing for the Conunittee on Aledical Research, Office of Scientific Research 
and Development, Washington, D. C. Pp. 237. Springfield, 111.: 
Charles C Thomas, 1942. Price, $4.00. 

Comment upon a Bibliogra])hy gives scarce opportunity for rhetoric upon 
the part of the Reviewer. But in this case no difficulties arise. Hofi and 
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Fulton have done a siipei-b job in thorougliness, arrangement, codification, 
and fomiat. The Bibliography comprises over 6000 references from all 
sources including extensive quotations from the Russian and the Japanese 
literature. Altogether some SOO different journals are cited. The arrange- 
ments and classification of the author and subject indices comprising 
thousands of articles is a task in itself. Soon we are coming to the situation 
where in rapidly developing and expanding fields jreriodic accumulations of 
literature references become vital to the expert. The Authors have shown 
in splendid fashion the way this can be done. W. S. 


The Conquest of ILvctehia (Fro.m Salvarsax to Sun’H.\i’YKrDixE). By 
F. Sherwood Taylor, with a foreword by Henry E. Sigerist. Pp. 163, 
with index, Xew York; Philosophical Library and Alliance Book Corp. 
Price, S2.00. 

This book is intended for lajmien and the first 73 pages contain an 
interesting and quite adequate account of the jierspective of chemotherapy 
(the development of the germ theorj' of disease, the defenses of the body, 
the naturally occurring specific drugs, and the rise of the sj'nthetic drug 
industiy). The remaining pages are devoted to chemotherap}', 70 of them 
to the sulfonamide group. Pages 111 to 115 contain a description of the 
operation of the laws of chance in clinical tests of new drugs, and this can 
be read with profit Iw most practitioners of medicine. The theme of this 
book is perhaps the most interesting in current medicine and the Author 
does it full justice. Unfortunately the viewpoint throughout is that of the 
English in 1940 and IM & B 093 (sulfapyridine) is presented as the nearly 
perfect solution of problems of chemotherapy; developments between 1940 
and the publication date (March, 1942) are not mentioned; sulfa thiazole 
receives brief mention but sulfadiazine and sulfaguanidine do not, and 
American readers will be left wondering why sulfajiyridine is no longer 
widely used in this countnx C. S. 


The Clinical Application of the Rorschach Test. By Ruth Bochner, 
iM.A., Psychologist, Formerly Belle\Tie Ps.vehiatric Hospital, and 
Florence Halpren, M.A., Psychologist, Belle’ 

Introduction b}* Karl M. Bowman, M.D., 

University of California IMedical School. Pp. 216. Xew York: Grime 
& Stratton, 1942. Price, S3.00. 

In 1921, Hermann Rorschach, a psychiatrist, brought forth his psycho- 
diagnostic method test, known as the Rorschach or ink-blot test. The 
following year, at the age of 38, the brilliant Swiss research worker died. 
While the subject is of compelling interest to psychiatrists whom it may 
aid in prognosis and treatment, until the last few years, most of its inter- 
pretations of personality have been made by psj’chologists. Application of 
this test is through the medium of 10 cards that are standardized copies of 
ink-blots, so chosen that they maj’ hold suggestive value for the responsor. 
Sjunbols representing the complete responses from all 10 cards must be 
recorded. Following the scoring is a tabulation for the complete record. 
The relationship of the actual responses from each card, to the total number 
of responses, is expressed in percentages and is quite a problem. Following 
the completed scoring comes the interpretation, in wdiich a single factor i.s 
never of more than a relative proportion of examiner’s interjirctation of the 
10 card assemblage. 

The Authors give actual interpretations from their records of children, 
adults, mental defectives, neurotics, schizophrenics, and of organic diseases. 
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The Reviewer regrets the absence of that troublesome and perplexing 
entity, the psj'^chopathic personality. After indicating the wide ramifica- 
tions and uses of this technique, the authors admit that numerous important 
problems are yet unsolved and mention lack of established norms. 

^Though the volume with its manj' sj^mbols and interpretations does not 
lend itself readily to adequate review, it is a valuable and stimulating 
contribution to the ink-blot test literature. An abundant bibliography is 
a]ipended but there is no index. N. Y. 


Chemistry and Physiology op the Vitamins. H. R. Rosenberg, 
Sc.D. Pp. 674; many figures and tables. New York: Interscience 
Publishers, Inc., 1942. Price, .$12.00. 

During the past 10 years tremendous strides have been made in the 
development of the chemistry of the vitamins. This monograph brings 
together, for the first time, a rather detailed summary of these advance- 
ments. In addition to the chemistry, considerable space is also given to a 
discussion of the physiology of the vitamins. 

A separate chapter is devoted to each of the known vitamins and the 
presentation of the subject within each chapter follows a rather definite 
outline. As an example, the chapter on pantothenic acid is subdivided into 
the following headings: 1, Nomenclature and Survey; 2, Chronologjq 
3, Occurrence; 4, Isolation; 5, Properties; 6, Chemical Constitution; 7, 
Synthesis; 8, Industrial Methods of Preparation; 9, Biogenesis; 10, Speci- 
ficity; 11, Determination; 12, Standards; 13, Physiolog}'^ of Plants and 
Microorganisms; 14, Animal Physiology; 15, Avitaminosis and Hypovitam- 
inosis; 16, Hypervitaminosis; 17, Requirements. The other chapters 
follow essentially the same outline. In addition to the subjects mentioned 
above there is a chajiter on the unidentified vitamins and one on the “vita- 
gens”— a term used by the author to designate a dietary essential not 
classed as a vitamin or a mineral. These compounds include the essential 
fatty acids, the essential amino acids, choline, etc. At the end there is a 
imtent index in which are listed the United States, British, German and 
Prench (and a few from other countries) patents dealing with the vitamins. 

Unquestionably a great deal of labor has gone into the preparation of this 
monograph for a vast amount of the literature has been covered. References 
to the literature are given in footnotes at the bottom of each page. On the 
whole, the book is well done and supplies a real need especiallj’’ in respect 
to the chemistry of the vitamins. It is so written and the subject matter 
has been so selected and arranged as to be veiy useful for those whose 
interest lies in the practical as well as the academic field. J. J. 


Biologic.\l Symposi.a. Vol. IX. Sex Hormones. Edited by F. C. Koch, 
Chairman of the Department of Biochemistry, University of Chicago, 
and Philip E. Smith, Professor, College of Physicians and Surgeons, 
Columbia Univensity. Pp. 146; 25 illustrations. Lancaster: The 
•laeques Cattell Press, 1942. Price, .?2.50. 

This book is composed of S invitation iiapere presented in two symposia, 
the symposium on Sc.v Hormones — Their Action and Metabolism presented 
at the Fiftieth Anniversary Celebration of the University of Chicago in 
beptember 1941, and the sjmiposium on Hormonal Factors in the Inversion 
of Sex presented at the annual meeting of the American Association of 
-uiatomists in April 1942. The titles of the papers describe adequately 
the phases of the subject which were covered and the names of the jiar- 
ticipants is sufficient guarantee of the quality of the contributions. 
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The papers given at tlie first sjonposium are as follows: The comparative 
biology of teslicidar and ovarian hormones (Carl R. Moore, Professor of 
Zoologj', Universitj' of Chicago); The comparative metabolic injluencc of the 
testicular and ovarian hormones (A. T. Kenyon, Department of Medicine, 
University of Chicago) ; The metabolism of csirogeris (E. A. Doisy, Professor 
of Biological Chemistrj^ St. Louis University) j and The excretion and 
metabolism of male sex hormones in health and disease (Prof. F. C. Koch, 
the Senior Editor). 

The papers presented at the second symposium are: Sex inversion in the 
plumage of birds (C. H. Danforth, Professor of Anatomy, Leland Stanford 
University) ijiversion in Amphibia (R. R. Humphrey, Professor, School 
of Medicine, University of Buffalo); Hormonal factors in sex inversion 
(Dr, R. R. Greene, Northwestern University Medical School); and Hor- 
mones and the experimental modification of sex in the opossum (Prof. R. K. 
Burns, Jr., Department of Embnmlogj^ Carnegie Institution). 

C. Z. 


The Microscope. By Simon Henry G.\ge, Emeritus Professor of Histol- 
ogj' and Embrj'ologj' in Cornell University. Seventeenth Edition. 
Pp. 617 ; 313 figures. New York: Comstock Publishing Company, 1942. 
Price, S4,00. 

This classic in scientific literature, far from resting on its laurels, con- 
tinues its efforts to keep abreast of the times. “ Changes have been made 
in ei’ery chapter in the te.vt and often in the illustrations. Attention has 
been called to the newly deidsed Electron Microscope with its greatly 
increased magnifying power and resolution over the ordinarj' microscope; 
to Polaroid for the micro-polariscope; to some new plastics for mounting 
in place of Canada balsam; to the high-pressure mercurj' lamps for ultra- 
violet radiation and the bright mercurj' lines for photographing objects 
with the microscope. In general, however, the book retains its former 
character,” In addition to e.vpiaining the principles of the various forms 
of microscopes and how to use them, methods of preparing tissues, micro- 
drawing and photographj" and a brief histoiy of lenses and microscopes 
included. Atmosphere is furnished bj' the author’s dedication to the 
memory of his pupil Theobald Smith. E. K- 


The Medic.vl Clinics of North Ambric.i (VoI. 26, No. 6, Philadelphia 
Number). November, 1942. Pp. 1935; many illustrations. Phila- 
delphia: W. B. Saunders Company, 1942. Price, year, SG.OO. 

This compact volume on endocrinologj^ offers a very useful and practical 
approach to a subject which can be confusing and theoretical. Our present 
limitations in both diagnosis and therapy are well outlined, although in 
most cases future possibilities are suggested. The occasional instances of 
repetition and antagonistic opinions, necessitated bj’ a work of this kind, 
in most cases, add to rather than detract from the value of the book. The 
only noteworthj' omission is that of a section devoted to parathyroid dis- 
orders. All in all— a valuable summarj'' of presentrday endocrinologj" for 
both the specialist and the general medical practitioner. W. K- 


NEW BOOKS 

Understand Your Ulcer. By Burrill B. Crohn, M.D., F.A.C.P^ Associate 
in Medicine, Gastro-Enterologj’, Mt. Sinai Hospital, New York; Asso- 
ciate in Medicine, Columbia University. Pp. 199; 19 figures, Tarmii.s 
tables. New York: Sheridan House, Publishers, 1943. Price, .S-.od. 
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Virus Diseases. Bj'' Members of the Rockefeller Institute for Medical 
Research; Thomas M. Rivers, M.D., Wendell M. Stanley, Ph.D., 
Louis 0. Kunkel, Ph.D., Richard E. Shore, M.D., Frank L. Hors- 
fall, Jr., M.D., and Peyton Rous, M.D. Pp. 170; several plates. 
Ithaca, N. Y.: Cornell University Press, 1943. Price, |2,00. 
Autonomic Regulations. By Ernst Gellhorn, M.D., Ph.D., Professor of 
Phj^siology, College of Medicine, University of Illinois. Pp. 373; 80 illus- 
trations and frontispiece. New York: Interscience Publishers, Inc., 
1942. Price, S5.50. 

F^mdamentals of Immunology. By William C. Boyd, Ph.D., Associate 
Professor of Biochemistry, Boston University, School of Medicine; 
Associate Member, Evans Memorial, Massachusetts Memorial Hospitals, 
Boston. P. 446; 45 illustrations. New York: Interscience Publishers, 
Inc., 1943. Price, 85.50. 

Orthopedic Subjects. Military Surgical Manual IV, Prepared and Edited 
bj’^ the Subcommittee on Orthopedic Surgery of the Committee on Surger}"- 
of the Division of Medical Sciences of the National Research Council; 
George E. Bennett, Chairman. Pp. 306; 79 fibres. Philadelphia 
and London: W. B. Saunders Company, 1942. Price, S3.00. 

Manual of Oxygen Therapy Techniques Including Carbon Dio.vide, Helium 
. and Water Vapor. By Albert H. Andrews, Jr., M.D., Director, Oxy- 
gen Therapy Department and Assistant Attending Otolaryngologist, 
St. Luke’s Hospital, Chicago; Instructor in Laiyngolop-, Rhinology and 
Otologj'- (Broncho-esophagologist), Children’s Memorial Hospital, Chi- 
cago; Foimer Research Instructor, Department of Physiology and 
Phaimacology, Northwestern University Medical School. Pp. 191; 32 
figures, 16 tables. Chicago: The Year Book Publishers, Inc., 1943. 
Price, $1.75. 

The value of this book lies in the fact that it includes a fairly complete list of 
commercial apparatus with manj'' of the directions for using. Besides this, it has 
some of tried improvisations for hospital usage. Its attitude toward methods and 
A'alues is one of optimism to a degree which limits its scope as an accurate reference 
work; but its details and suggestions make the book useful in its field. C. C. 

The Infectious Diseases of Domestic Animals, With Special Reference to 
Etiology, Diagnosis, and Biologic Therapy. Bj'’ William Arthur 
Hagan, D.V.M., D.Sc., Professor of Bacteriology and Dean of the 
Faculty, New York State Veterinary College, Coniell University. Pp. 
665; 145 figures. Ithaca, N. Y.: Comstock Publishing Company, Inc., 
1943. Price, $6.00. 

Psychosomatic Medicine. By Edavard Weiss, hl.D., Professor of Clinical 
Medicine, Temple University Medical School, Philadelphia; and 0. 
Spurgeon English, M.D., Professor of Psychiatry, Temple University 
Medical School. Pp. 687. Philadelphia and London; W. B. Saunders 
Company, 1943. Price, $8.00. 

Indigestion— Its Diagnosis and Management. Bj'- Martin E. Rehfuss, 
M.D., Professor of Clinical Medicine; and Sutherland M. Prevost, 
Lecturer in Therapeutics, Jefferson Medical College, Philadelphia. 
Pp. 556; 63 illustrations. Philadelphia and London: W. B. Saunders 
Company, 1943. Price, 87.00. 

Pood-Allergy. By Arthur F. Coca, M.D., Medical Director, Lederle 
Laboratories. Pp. 158; several tables. Springfield, III.: Charles C 
Thomas, 1943. Price, $3.00. 

Atlas of Ovarian Tumors. By Gemm.\ Barzil^vi, M.D., New York City; 
Preface by Fred W. Stewart, M.D., Pathologist, IMemorial Hospital 
for the Treatment of Cancer and Allied Diseases, New York City. 
Pp. 204; 2i>S illustrations. New York: Grune A Stratton, 1943. Price, 
$ 10 . 00 . 
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Lymph Node Mctastascs. By Grantley Walder Taylor, A.B., ]M.D., 
F.A.C.S., Instructor in Surgerj', Harvard Medical School; Associate 
’t'isiting Surgeon, Massachusetts General Hospital; Surgeon, Collis P. 
Huntington Alemorial Hospital and Pondville Hospital, IHassachusetts 
Dept, of Public Health; and Ira Theodore Nath.\nson, M.S., M.D., 
Instructor in Surgery, Harvard Medical School; Assistant Surgeon, 
Collis P. Huntington Memorial Hospital; Beth Israel Hospital, and 
PondviUe Hospital, Massachusetts Dept, of Public Health; Assistant in 
Surgerj', Massachusetts General Hospital. With a Foreword by Shields 
Warren*, M.D., Assistant Professor of Pathologj', Harvard IMedical 
School, Boston. Pp. 49S; 117 tables, 61 figures. New York: O.xford 
Univereitj' Press, 1942. Price, S8.00. 


NEW EDITIONS 

Outline of Psychiatric Case-Study. ByP.vuL Willlui Preu, M.D., Assist- 
ant Professor of Psj'chiatiy and Mental Hj-giene in the Yale University 
School of iMedicine, Phj'sician-in-Charge of the Psychiatric Clinic of the 
New Haven Hospital; Associate P^'chiatrist to the New Haven Hospitol. 
With Foreword bj* Egtien' I\ahn', M.D. Second Edition. Pp. 279. 
New York; Paul B. Hoeber, Inc., 1943. Price, S2.75. 

The A7iatomy of the Nervous Systc/n. Bj' Stephen W.\lter Baxson, hl.D., 
Ph.D., Fonnerlj' Professor of Neurologj' and Director of Neurological 
Institute, Northwestern Univereitj' Medical School, Chicago. Seventh 
Edition. Pp. 520; 40S illustrations, some in color. Philadelphia and 
London: W. B. Saunders Companj', 1943. Price, S6-50. 

This edition has e.’ctensivo reWsions in the sections on the cerebellum, thalamus, 
hypothalamus, cerebral cortex and sympathetic nervous system. There arc 
many new illustrations. The new parts on respiration and blood pressure (includ- 
ing the carotid body and carotid sinus), on the function and lesions of 
thalamvts, and on the optic pathways, are welcome additions. Some of the old 
material has been rearranged and simplified. Dr. Ranson, after completing this 
revision, has selected Dr. Sam L. Clark, a former sttident, as his successor for 
future editions. 

Textbook of "-N-vMix Harrow, Ph.D., Professor of 

Chemistrj'. of the Citj* of New York. Third 

Edition. ; ' . , ' ' ' Philadelphia and London: W. B. 

Saunders Companj', 1943. Price, S4.00. 

The .3d edition of this well-known text in biochemistry is, like the 
tions, rather concise with a minimum of the pro and con discussion of debatalnc 
subjects. It has been broucht up to date in many respects, and in spite of tnc 
condensed manner in which it is written, the present edition contains about 
100 pages more than the preceding edition. There are some omissions (f. O-,. mul- 
tiple alternate oxidation of fatty acid is not mentioned), which in the opinion ol 
the Reviewer might well have been included even at the risk of making the booK 
a little longer. _ 

.4 Textbook of Clinical Neurology. Bj* Israel S. Wechsler, M.D., Clinical 
Professor of Neurologj*, Columbia University, New York; Neurologist, 
The IMoimt Sinai Hospital; Consulting Neurologist, The Slontefiore and 
Rockland State Hospitals, New York. Fifth edition. Pp. S40: 162 illus- 
trations. Philadelphia & London: W. B. Saunders Company, 1943. 
Price, 87.50. 

The 5th edition of this well-established textbook on clinical neurolog}’ maintains 
the high standard of all of the prernous editions. The additions have been r-ar^ 
fully evaluated and presented in a concise manner. The brief references to ' 

encephalography and arteriography arc adequate in their epitomized form, r 
sections on treatment become increasingly valuable with each new edition, .r . 
re^ew of this text, without again commending the author for the final chapter 
the introduction to the history of neurologj', would not be complete. „ 
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PATHOLOGIC LESIONS FOLLOWING THE ADMINISTRATION OF 

SULFONAMIDE DRUGS 

The dramatic clinical results that folloYved the introduction of the 
sulfonamide drugs, their ease of oral administration and their relatively 
low toxicity, soon led to widespread use of these chemotherapeutic 
agents. However, as reports of clinical studies multiplied there appeared 
in the literature numerous instances of toxic reactions referable to these 
drugs. Most of these toxic manifestations Yvere of a mild and relatively 
transitory nature and quickly subsided Yvhen administration of the drug 
Yvas discontinued, but occasionally they Yvere folloYved by death. The 
great majority of the early reports of the toxic effects of the sulfon- 
amides Yvere of a clinical character and rarely described pathologic 
lesions. With the more recent introduction of the ncYY'er sulfonamide 
compounds, toxicity studies on animals have been carried out, fatal 
clinical cases Yvith autopsies haY’^e been reported and there has accumu- 
lated in the literature sufficient evidence to support the vieYv that sig- 
nificant and recognizable pathologic lesions may folloYV the use of 
these drugs. 

It is the object of this ReYueYv to describe those pathologic lesions, 
both in experimental animals and in man, that haY^e been attributed to 
the various sulfonamide drugs. Whether these lesions are the result of 
individual idiosyncrasy or acquired sensiti\'ity to the sulfonamides is 
beyond the scope of this paper. It is, hoYvever, obvious that toxic 
clinical manifestations, pathologic lesions and CY'en deaths may occur 
following dosages of the drugs that are regarded as being Yvithin thera- 
peutic limits. The Y-arious organs in YY’hich lesions have been described 
will be dealt Yvith scriathn and the particular sulfonamide compound 
concerned in each instance Yvill be mentioned in its appropriate place. 

Heart. Freneh^^ has produced a form of interstitial myocarditis in 
rata and mice by intraperitoneal injections of neoprontosil, sulfanila- 



440 


PROGRESS OF MEDICAL SCIENCE 


mide, sodium sulfapyridine or sodium sulfathiazole. This myocarditis 
is characterized by accumulations of mononuclear cells together ivith 
moderate numbers of eosinophils. Nelson®^ mentioned 1 hen in a series 
of experimental animals that showed an interstitial myocarditis follow- 
ing sulfanilamide treatment. 

French and Weller-^ examined the hearts of 283 patients known to 
have received one or more of the sulfonamide drugs before death. 
After excluding cases in which only very small doses had been given 
shortly before death, cases in which myocardial changes were so slight 
as to be negligible and cases of disease with which interstitial myo- 
carditis is known to be associated, these investigators were left with a 
p'oup of 126 cases (44.5% of the original 2S3) in which significant 
interstitial myocarditis was present. The myocardial lesions were para- 
vascular and interstitial in position and occurred in both auricles and 
ventricles and occasionally in the epicardium. The exudate consisted 
of large mononuclear cells, numerous cells with eosinophilic cytoplasm 
and many young neutropliils. Occasional foci of Zenker’s hyaline 
necrosis were noted in the muscle fibers but no abscesses were present. 
A control series of cases failed to show such eosinophilic myocarditis. 
It is interesting to note that no e.vamples of myocarditis were found 
among cases in which the use of the drugs had been discontinued more 
than 30 days prior to death. French and Weller-^ also mentioned that 
eosinophilic infiltrations were seen in the lungs, liver, kidneys, bone- 
marrow, spleen and lymph nodes of both human cases and e.xperimental 
animals. 

Rich"^® has recently reported 3 cases in which sulfonamide drugs and 
type specific sera for pneumonia and meningitis, respectively, were ad- 
ministered. In each of these cases an interstitial myocarditis with mono- 
nuclear cells, neutrophils and eosinophils was present. Although Clark 
and Kaplan® have noted a similar type of myocarditis in serum sickness 
in the absence of the sulfonamides, and Apitz’’ has produced like lesions 
in sensitized animals with foreign proteins, the possibility that hyper- 
sensitivity to the sulfonamides is the cause of the myocarditis cannot 
be dismissed. Schonholzer®’ and Davis'® have demonstrated that sul- 
fonamides can attach themselves to plasma proteins and thus, perhaps, 
may act as specific antigens. Wedum®® has succeeded in sensitizing 
guinea-pigs Avith sulfapjwidine linked to human serum. Rich"” sug- 
gested that the eosinophilic myocarditis observed by French and 
Weller,-' and in l‘of his own cases''* in Avhich sulfathiazole alone was 
given, may have been the result of hypersensitivity to the sulfonamides. 
Duff'® has observed a case in wdiich death from periarteritis nodosa 
followed a second course of treatment with sulfathiazole after a 30-day 
interval and in w-hich at autopsy there Avas found a Avidespread eosino- 
philic interstitial myocarditis. 

Lederer and Rosenblatt,®* in their series of 4 cases of death due to 
sulfathiazole, reported 1 in AA'hich the left atrium of the heart shoAA’cd 
several irregular areas of poorly preserved muscle fibers surrounded by 
partially broken-doAAm neutrophils, small and large round cells and 
eosinophils. In other areas the myocardial fibers AA'ere SAA-ollen and 
the nuclei pyknotic or absent. Simon*® also noted focal necrosis in the 
epicardium and a mild interstitial myocarditis in a patient avIio died 
after sulfathiazole therapy. 
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Similar lesions, however, were seen in 25% of the control animals. 
The livers of monkeys given sulfapyridine by mouth were described 
by Antopol and Robinson^*’ as sliowing separation of tlie capillaries from 
the liver cell cords with granular material in the intervening spaces. 
They regarded these changes as being similar to the “serous hepatitis” 
of Rossle-Eppinger. Feinstone c/ in a series of chronic toxicity 
experiments with sulfapyridine in monkeys, noted vacuolation of the 
liver cells and pigment in KupfFer cells but no necrosis. Rake, Van Dyke 
and Corwin"'* fed mice on a diet containing 2 % sulfapyridine and found 
focal necrosis in the liver. iNIice on similar diets containing 1 % and 2 % 
sulfathiazole shoAved similar lesions as aa’cII as cloudy swelling, fat infil- 
tration and hyaline necrosis. Rats and monkeys, on the other hand, 
showed no liver lesions Avhen fed on diets containing 0.5% to 1% 
sulfathiazole or sulfapyridine. Antopol, Lehr, Churg and Sprinz- noted 
that after single and repeated intraperitoneal injections of sulfathiazole, 
sodium sulfathiazole or sulfamethylthiazole in rats, severe degenerative 
changes appeared in the liA’ers. L'sually these Wvev changes occurred 
in association with concrements in the kidneys. Nelson^ gave fatal 
doses of sulfanilamide to 21 hens, among which 17 showed a diffuse fatty 
change in the liA'er in contrast to control animals in Avhich such altera- 
tions were absent. In most of the experimental animals the Ivuplfer 
ceils contained abnormal amounts of hemosiderin pigment. One hen 
showed coagulation necrosis of the liA’er. 

The liver lesions observed in human beings followng deaths from the 
sulfonamides are also somewhat variable in type but for the most part 
are characterized by extensive focal necrosis. Cline*” reported the case 
of an IS year old youth Avho died folloAving treatment ■with sulfanilamide 
for gonorrhea. At autopsy the lir'er Avas found to be reduced in size, 
AA-eighing 1200 gm. Microscopicallj", there Avas dissociation of the liver 
cell cords and massiA'e destruction of liA-er cells. The remaining liver 
cells shoAA'ed a “fatty change.” No inflammatory exudate Avas present 
and the picture resembled acute yelloAV atrophy. RusseP reported a 
patient who took 1250 gr. (SO gm.) of sulfanilamide oA’er a 6-AA’eek 
period. Ten days later the patient became jaundiced. At autopsy the 
liver AAUS found to be markedly reduced in size, weighing 600 gm. The 
capsule was AATinkled and the organ was flabRA". Microscopically, there 
Avas extensive necrosis of the liA’-er cells. 

Ginzler and Chesner”® reported a case of acute yelloAV atrophy of the 
liA’er associated AAuth necrosis in other organs in a neAA'born infant 
foIloAAung administration of sulfanilamide to the mother. These authors 
suggested that sulfonamides may produce toxic effects in the fetus by 
passage through the placenta. Focal necrosis Avith degenerative changes 
in liver cells was described by Tragerman and Goto”” in a patient Avith 
gonorrhea dying after sulfanilamide treatment. Berger and Appie- 
baum” cited a case in Avhich the patient took 6.6 gm. of sulfanilamide 
over a 3-day period. Taa'o weeks later he took an additional 20 gm- 
AA-ithin a period of 10 days and died 1 month later AA'ith progressive 
jaundice. At autopsy, the liA'er was small, firm and finely granular. 
Alicroscopically, the liver cells shoAved degenerative changes and foci 
of necrosis AA*ere encountered. In a general reA'icAv on the sulfonamides, 
Greene and Hotz”® mentioned a case in which jaundice suddenly ap- 
■ peared during treatment AA'ith sulfanilamide for hemolytic streptococcic 
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septicemia. At autopsy, areas of portal focal degeneration with leuko- 
cytic infiltration were found in the liver. 

Liver lesions in fatal cases of hemolytic anemia follovdng ingestion 
of sulfapyridine have been noted. Ravid and Chesner'^® reported a case 
of fatal hemolytic anemia following the ingestion of 8 gm. of sulfapyri- 
dine. At autopsy the liver showed patchy endoplasmic vacuolation 
with a tendency toward central localization and the Kupffer cells were 
found to be loaded with hemosiderin. In an investigation of the acute 
hemolytic anemias caused by the sulfonamides, Fox and Ottenberg" 
described 1 fatal case treated with sulfapyridine in which foci of necrosis 
were found in the liver at autopsy. 

The most extensive and widespread focal necrosis of the liver has 
been reported in deaths following sulfathiazole therapy. Lederer and 
Rosenblatt®® in their series of 4 cases, Merkel and Cravdord®^ in an 
additional 4 cases and Simon®® in his single case, observed identical, 
widespread, extensive focal necrosis of the liver of coagulation type. 
These foci of necrosis w'ere found in all portions of the hepatic lobules 
and were occasionally surrounded by a sparse infiltration of neutrophils. 
Stains for bacteria in all instances were negative. 

Bone-marrow and Blood. The hemoljdic anemias encountered during 
sulfonamide therapy fortunately improve after discontinuance of the 
drug. It appears that the hemolysis is probably peripheral, but certain 
changes have been described in the bone-marrow as well as in the red 
blood cells themselves. Hageman®® reported an increase in the eosino- 
phils in the bone-marrow of mice injected with sulfanilamide. Kreutz- 
inan and Carr^® also reported an increase of the eosinophils in the mar- 
row of rabbits given Prontosil. This they regarded as evidence of early 
bone-marrow depression. Similar eosinophilic infiltrations of bone- 
marrow were observed by French and Weller®* in their human material 
after sulfonamide therapy. Richardson,®® on the contrary, found no 
eosinophilia or other changes in the bone-marrow of mice made anemic 
with sulfanilamide; and Osgood,®® working on marrow cultures infected 
with streptococci, stated that sulfanilamide did not appear to have a 
direct toxic action on the nucleated cells. Machella and Higgins®®® '^ 
and Higgins and Machella*® produced anemia in rats with sulfanilamide. 
They found that the bone-marrow showed a reticulocytosis, macrocyto- 
sis and anisocytosis and that there was a slight increase in the transverse 
diameter of the -red blood cells. They noted that the myeloid stimula- 
tion after 4 days of sulfanilamide was greater than the erythroid, but 
after 6 days (when the anemia was marked) the erythroid stimulation 
was greater tlian the mj^eloid. This reversal of activity is probably a 
response to increased blood destruction. 

Paul and Limarzi®® found, in human beings receiving therapeutic doses 
of sulfanilamide, that the sternal bone-marrow showed a normoblastic 


reaction. Koletsky*® reported a fatal case of hemolytic anemia in which, 
at autopsy, erythropoietic hyperplasia of the bone-marroAv w’as noted. 
Havid and Chesner®® have also reported moderate hj'perplasia of the 
CTythropoietic elements in the bone-marrow in a fatal case of hemolytic 
anemia following 8 gm. of sulfapyridine. 

Actual pathologic lesions within the red blood cells have been reported 
by Moesehlin.®® He described so-called “inner bodies,” which were 
found at the margins of the red blood cells at the height of the clinical 
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cyanosis. These bodies can only be stained supra\T[taIly with brilliant 
cresyl blue. They are found in the reticulocytes of the bone-marrow 
in small numbers but only after they have appeared in the peripheral 
blood and only after a mild degree of anemia has been produced. 
Richardson,"® studying anemia in mice produced by sulfanilamide, 
noticed the presence of the so-called “Heinz bodies” in the red blood 
cells. Similar bodies have been described by Ehrlich and Lazarus'® in 
a variety of anemias produced by agents that also cause formation of 
abnormal pigments. 

The pathologic lesion associated with agranulocytosis produced by 
the sulfonamides is fairly well established and consists primarily of an 
arrest of maturation of the cells of the granular series in the bone- 
marrow with destruction of the more adult forms. Experimentally, 
this was noted in 1 rat by Davis, Harris and Schmeisser'® following 
sulfanilamide injections. The bone-marrow showed an arrest of matura- 
tion of the myeloid cells with complete absence of granulocytes. 

Clinical cases of fatal agranulocytosis following sulfonamide therapy 
have shorni changes in the bone-marrow varying from aplasia to mild 
depression of the granular series. Young'®' reported a ease of agranulo- 
cytosis follou-ing sulfanilamide in which the bone-marrow was aplastic 
and contained no granulocytes. Schwartz, Garmn and Koletsky®® in 
their case of agranulocytosis folloudng sulfanilamide, stated that the 
distinctive feature of the bone-marrow was the complete absence of 
granulocj'tes and even of myelocytes with reversion of the myeloid 
series to a stem cell type. Gar\dn,®® Schecket and Price,®® Pearson,®' 
Rinkoff and Spring.®® Tragerman and Goto,®® and Robb®® reported 
essentially the same findings in the bone-marrow in their fatal cases of 
agranulocytosis follo-uung sulfanilamide. Kennedy and Finland'® re- 
ported a fatal case of agranulocytosis follo^ving both sulfapyridine and 
sulfathiazole therapy. The autopsy findings in the bone-marrow were 
similar to those described above. 

Greenwald, Litwans and Spielholz®® reported an interesting case of 
polycythemia vera in which anemia and leukopenia followed sulfanil- 
amide therapy. At the height of the white cell depression a sternal 
biopsy showed a complete arrest of maturation at the metamyelocyte 
level. Six months later, after recovery, another sternal puncture 
revealed a return to active formation of mature white blood cells. 
That sulfanilamide may have a direct toxic effect on white blood cells 
has been demonstrated by Coman" who, in his experiments on chemo- 
tropism, showed that leukocytes lose their ameboid motions in dilute 
solutions of sulfanilamide. 

Lederer and Rosenblatt^® and Merkel and Cranfford®' found foci of 
necrosis in the bone-marrow in 5 of their 8 cases (4 each) of death 
following sulfathiazole therapy. This was part of a general necrotizing 
process seen in other organs. They did not notice any arrest of matura- 
tion of the granular series. 

Splcc7i. The majority of reports dealing with splenic lesions concern 
observations on animals during the comse of toxicity experiments. 
The splenic changes in animals are of a mild and variable nature and 
apparently not all species react alike, even to similar doses of the same 
drug. It also appears that many of the changes seen in the spleens of 
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experimental animals are secondar^'^ to the anemias produced during 
the experiments. 

Hageman,^® injecting Swiss mice with sulfanilamide, found that the 
spleens of these animals showed varying amounts of hemosiderin adja- 
cent to the Malpighian bodies. Similar results were obtained by 
Antopol and Robinson^* in rats, rabbits and monkeys with sulfapyri- 
dine. Wien^"® noted that rats given sulfanilamide showed dilatation of 
the sinusoids and hemosiderin deposits which he interpreted as indica- 
tive of an exaggeration of the hemolytic process accompanying the 
anemia. The spleens of the rats given sulfapyridine showed no abnor- 
malities. Richardson"'® also found that in anemias in mice produced 
by sulfanilamide, the spleens were enlarged and showed an increase in 
iron pigment. Molitor and Robinson®® in chronic toxicity experiments 
with sulfanilamide carried out on rats, rabbits and dogs found, in rats 
only, enlargement of the spleens which were engorged with blood and 
contained both iron- and non-iron-bearing pigments. 

Rake, Van Dyke and Corwin,’^ and Rake, Van Dyke, Corwin, hlcKee 
and Creep’'® noted that mice fed on diets containing 0.5% to 1 % sulfa- 
pyridine showed no lesions in their spleens, whereas mice fed on 1 % 
sulfathiazole showed dark red, small spleens in which the Malpighian 
bodies were small, appeared disorganized and contained pyknotic cells. 
The spleens of mice on a 2 % sulfathiazole diet showed disorganization 
of germinal centers and pyknosis of the lymphoblastic cells with their 
ultimate disappearance. No splenic lesions were noted in rats or 
monkeys given either sulfapyridine or sulfathiazole. Davis, Harris and 
Schmeisser^® injected white rats vath sulfanilamide over a 3-month 
period. The spleens of their animals revealed hyperplasia of the 
reticular cells. In several animals focal areas of necrosis were seen in 
the Malpighian bodies. The spleens also showed increased iron-con- 
taining pigment. Corwin'® in his chronic toxicity experiments with sul- 
faguanidine in rabbits noted a reduction in the size of the spleen vdth 
atrophj’^ of the Malpighian bodies and pulp. Similar lesions could not 
be found in the spleens of dogs or monkeys treated with sulfaguanidine. 
Climenko and Wright® produced with sulfathiazole and sulfapyridine a 
“ toxic splenitis with slight er^'throphagocytosis ” in monkeys. 

In man, both Lederer and Rosenblatt®® and IMerkel and Cravdord®' 
reported extensi^’■e focal necrosis in the spleens of patients dying after 
sulfathiazole therapy. While the majority of the foci were in or near 
the peripheral parts of the hlalpighian bodies, occasional foci of necrosis 
were seen in other parts of the spleen. Simon®® also reported occasional 
foci of necrosis in the spleen in his case of death following sulfathiazole 
therapy. Lederer and Rosenblatt®® also described an associated hj'per- 
plastic change in the reticulum. 

Lymph Nodes. As part of the general necrotizing process observed 
in their 4 cases of death following sulfathiazole, IMerkel and Crawford®' 
found in all instances enlarged, boggy lymph nodes at autopsy. Lederer 
and Rosenblatt®® found only 1 case (in their series of 4) in which the 
lymph nodes showed similar lesions. These lesions consisted of foci of 
coagulation necrosis without infiltration by neutrophils. No bacteria 
were present. Only IMolitor and Robinson®® have reported changes in 
the hunph nodes of e.\periraental animals; these lesions do not appear 
to have been A-cry marked or specific. 
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Adrenals. Antopol and Robinson^* noted enlargement of the adrenal 
glands in rats with widening of the fascicular layer when these animals 
were treated ^\^th sulfapyridine. In their experiments with siilfa- 
thiazole, siilfamethylthiazole and sodium suifathiazole, Antopol, Lehr, 
Churg and Sprinz- again noted enlargement of the adrenal glands and 
in these experiments observed that the zona fasciculata took a deep 
eosinophilic stain and that occasional foci of necrosis were present in 
the medulla. In contrast to these e.xperimental findings, Jlerkel and 
Crawford,®* Lederer and Rosenblatt®® and Simon®® found foci of necrosis 
in the cortex without medullary lesions in their cases of death following 
suifathiazole therapy. 

Kldneijs. As early as 1937, Oakley®® observed concretions in the 
renal tubules of mice following single or repeated small doses of Pronto- 
sil. He noted that the kidneys were enlarged and that the straight 
and convoluted tubules were dilated. He believed that death was due to 
renal obstruction. In 1938 Kolmer, Brown and Rule*® gave sulfanil- 
amide to rabbits and noted only mild cloudy swelling of the renal epithe- 
lium which they did not regard as significant. These investigators 
reported no concrements in the kidne\’ tubules. Davis, Harris and 
Schmeisser*® also observed no concrements in the renal tubules of rats 
injected with sulfanilamide but mentioned cloudy swelling and mild 
increase of fat in the tubular epithelium. Molitor and Robinson®® in 
their chronic toxicity experiments in rats with sulfanilamide observed 
collections of brown, granular pigment in the convoluted tubules of 
the kidneys. Only a small amount of this pigment stained positively 
for iron. Nelson®® gave fatal doses of sulfanilamide and sulfanilyl 
sulfanilamide to rabbits and observed epithelial degeneration, casts and 
debris in the renal tubules with dilatation of the tubules. In hens 
treated with sulfanilamide, he noted considerable fatty changes in the 
epithelium of the kidney tubules. 

In 1939, however, \\’ith the introduction of sulfapyridine, Antopol 
and Robinson,®® using rats, rabbits and monkeys, and Gross, Cooper 
and Lews,®* using rats, reported independently and simultaneously the 
formation of uroliths in their experimental animals in the course of 
toxicity studies on sulfapjTidine. These investigators noted that the 
kidneys were enlarged and dilated and that pelves and ureters were also 
dilated. They found yellow or white, spiculated concretions in calyces, 
pelves, ureters and bladder and believed that the pyelonephritis, pye- 
litis, ureteritis, hydronephrosis and hydroureters observed were secon- 
dary to the uroliths. These uroliths were found to be composed of rela- 
tively insoluble acetyl derivatives of sulfapyridine. ^Marshall and 
Litchfield®® showed that when the sodium salt of acetyl sulfapyridine 
is injected intravenously into animals, concrements form in the renal 
tubules. Toomey®* working w'th monkeys noted the appearance of 
uroliths following sulfapyridine and thus corroborated the findings 
mentioned above. Antopol and Robinson®® repeated their work on rats, 
rabbits and monkeys with sulfapjTidine and found uroliths and asso- 
ciated changes. Toomey, Reichle and Takacs®® gave monke.vs doses of 
sulfapyridine slightly less than that recommended for infants of compar- 
able weight and found concrements in the renal tubules, pelves, ureters 
and bladder with resulting inflammation and slight necrosis. Although 
this inflammation was thought to be due to obstruction of renal outflow 
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by crystals with subsequent infection, these authors felt that an imme- 
diate toxic effect of the drug on the epithelium of the convoluted tubules 
could not be excluded. 

In testing the toxicity of sulfathiazole and sulfapyridine in monkeys, 
^hm Dyke, Greep, Rake and McKee®'^ found that only 1 monkey out 
of 7 died in uremia due to urinarj'^ obstruction following sulfathiazole 
whereas 6 out of 7 monkeys on sulfapyridine showed bilateral hydro- 
ureters and hydronephrosis. Climenko and Wright® also produced 
urolithiasis and degenerative changes in the renal epithelium of monkeys 
with sulfathiazole and sulfapyridine. While monkeys and rats show 
more extensiA^e urolith formation Avith sulfapyridine than Avith sulfa- 
thiazole this apparently does not hold true for mice as demonstrated 
by Rake, Van Dyke and CorAvin.'^ Gross, Cooper and Scott,®® Avho 
coined the term “urolithiasis medicamentosa” for the uroliths caused 
by the sulfonamides, also noted that, in rats, concretions in renal tubules 
AA'ere three times as frequent AAuth sulfathiazole as AAuth sulfamethyl- 
thiazole AAdiereas stones in the renal peh^es, ureters and bladder were 
twice as common AAnth sulfameth^dthiazole as Avith sulfathiazole. 
Antopol, Lehr, Churg and Sprinz® gaA'^e single and repeated intra- 
peritoneal injections of sulfathiazole and sodium sulfathiazole to rats 
and noted that sulfathiazole produced a calcifying nephrosis of the 
collecting tubules. Similar calcific deposits Avere noted in the cortex. 
They also, like Gross, Cooper and Scott,®® noted that concretions in the 
renal tubules Avere more frequent AAuth sulfathiazole Avhereas extrarenal 
concretions Avere more common AA'ith sulfamethylthiazole. 

Other sulfonamide compounds haA'^e also been found to produce uro- 
liths in e.xperimental animals. Feinstone ci alP produced uroliths in 
kidneys and bladders of monkeys AAuth sulfadiazine. The kidneys 
shoAA'ed some eAudence of damage as indicated by regeneration of the 
tubular epithelium. Lehr and AntopoP* gaA'^e single fatal intraperitoneal 
injections of sodium sulfadiazine to AAdiite rats and in addition to the 
uroliths noted calcification of the distal conA'oluted tubules, Henle’s 
loops and collecting tubules. Animals surAUAung repeated injections 
shoAA'ed seA'ere histologic damage to the renal epithelium. Gross, 
Cooper and Hagan®® reported urolithiasis medicamentosa folloAAung 
sulfadiazine in mice and pointed out that the sulfadiazine crystals are 
not sharply spiculated and, therefore, are not likely to cause hematuria. 
CorAA’in’® in chronic to.xicity experiments AA'ith sulfaguanidine in rabbits 
found crystals in the renal tubules, peh'es, ureters and bladder. Dogs 
shoAA'ed only a feAv lesions resembling healed p,yelonephritis, AA’hile no 
kidney lesions or stones A\"ere found Avith this drug in monkeys. 

It is interesting to note that no distinctiA^e glomerular lesions haA'e 
been reported in experimental animals folloAving the sulfonamides. 
I he glomerular lesions described by Gross, Cooper and IMorningstar®® 
are inconclusiA'e, as these authors readily admit. 

In human beings dying from renal obstruction folloAA'ing the sulfon- 
amides, the search for uroliths both grossly and microscopically is often 
fruitless. AntopoT described the findings in a patient dying AA'ith renal 
eoinplications after sulfapyridine; he aa'us unable to demonstrate uro- 
liths either grossly or microscopically. He stated that the findings in 
the kidneys AA-ere reminiscent of the non-specific, degeneratiA'e changes 
encountered in experimental animals folloAving sulfapyridine therapy. 
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He suggested that the uroliths may dissolve or wash out in microscopic 
preparation. Koletsky and King-*' reported a case of fatal renal insuffi- 
ciency following S gin. of sulfapyridine. At autopsy, there was found 
severe, necrotizing, suppurative and hemorrhagic ureteritis and pyelitis 
without any crystals being found grossly or microscopically. Stryker^’ 
reported finding yellowish-white gravel in the calyces, pelves and 
urinary bladder of a child following sulfapyridine therapy with 
microscopic deposits in the renal tubules. Pepper and Horack'- 
describeti crystalline deposits of sulfathiazole in the renal tubules in a 
patient dying in anuria after sulfathiazole. Sadusk, Waters and Wilson^ 
reported a case of anuria following sulfapyridine therapy in which exten- 
sive necrosis of the renal pelvic wall was noted following obstruction of 
the ureter. Katzenstein and Winternitz^ pointed out that rupture of 
the renal pelvis may follow sulfapyridine therapy. Hanson^® was also 
able to demonstrate sulfapyridine crystals in the sediment which blocked 
the imeters in his case. He suggested that the renal parenchymal 
damage precedes the precipitation of the drug from solution. 

That primary parenchymal damage to renal epithelium, regardless 
of urolith formation and obstruction, probably does occur is strongly 
suggested by the findings of Lederer and Rosenblatt,®® Merkel and 
Crawford, and Simon,®® who, although finding only a few pectdiar 
bluish-red crystals in the tubules, noted extensive focal necrosis of renal 
epithelium. This necrosis was entirely out of proportion to the dilata- 
tion seen and the number of crystals observed. Occasionally the renal 
tubules may be plugged with hemoglobin, as in a fatal case of hemolytic 
anemia following sulfapyridine as reported by Ravid and Chesner.'® 

Testicle. The widespread use of the sulfonamides in gonorrhea has 
raised the question whether spermatogenesis may be affected. Jaubert 
and Motz^® and ilarion ct examined the semen of patients being 
treated with 'vai’ious sulfonamides and reported a decrease in the num- 
ber, vitality and motility of spermatozoa. This could not be confirmed 
by Heckel and Hori®® with Prontylin. Shettles®® mixed human semen, 
in I'itro, vnth sulfanilamide or sulfapjTidine in concentrations higher 
than those found in the body and obser\'ed no effect on the sinu’ival or 
activitj" of spermatozoa. Although Nelson®® reported marked testicular 
damage with reduction in numbers of spermatozoa, necrosis of sperma- 
tids and spermatocytes in rabbits given sulfanilamide or sulfanilyl 
sulfanilamide, these findings could not be confirmed by Levaditi and 
Vaisman,®® Pallizolli ef Pautrier cf or CordonnieP® in rabbits, 
guinea-pigs or mice. 

Xenons System. Clinical symptoms suggesting peripheral neuritis 
and simiptoms referable to the central nervous system following sulfon- 
amide medication have been reported in the literature but pathologic 
lesions in human beings or experimental animals have been described 
but rarely. Custer ei al.^* fed normal dogs 0.67 gra. of sulfanilamide 
per kg. and noted toxic reactions referable to the central nervous sys- 
tem. At autopsy, the brains appeared swollen, soft and edematous. 
Histologically, the edema was most marked along the periphery of the 
\'essels. Ganglion cells showed degenerative changes varying from slight 
degrees of damage to complete cjiiolysis, most marked in the hippo- 
campus, basal ganglia and cereljellum. In 1 instance there was ischemic 
necrosis in tlie lenticular nucleus. In the spinal cord and in the peripli- 
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eral nerves, swelling of the myelin sheaths was noted in all animals, 
jjartial to complete demyelination occurring in some of the motor tracts. 
The anterior horn cells showed the same degenerative changes as the 
ganglionic cells of the brain. In 1 instance the sciatic nerve showed 
patchy replacement with strands of Schwann cells. The authors 
believed that these changes were due to edema and anoxia occurring 
as a result of injury to the capillary endothelium bj'^ sulfanilamide. 

Hawking,®® after large intraperitoneal injections of sulfanilamide to 
rabbits and cats, noted the development of decerebrate rigidity. At 
autopsy he found degenerative changes in the central nervous system, 
c. g., chromatolysis in the neurones of the anterior columns of the spinal 
cord and in some of the nerve cells of the cortex and mid-brain. Fein- 
stone ei al.~° observed in 2 out of 6 monkeys treated with sulfapyridine, 
swollen nerve fibers in the spinal cord with lymphocytic infiltration. 

The nervous system of chickens, in particular, appears to be sus- 
ceptible to damage by the sulfonamides. Bieter ei al.^ gave oral doses 
of sulfanilamide, sulfapjnidine, sulfathiazole, sulfanilyl dimethyl-sulfan- 
ilamide or sulfaphenylthiazole to chickens. All these drugs produced 
injury to the nervous S 3 ''stem, the degree of severity ascending in the 
order given above. Sulfanilamide, the least toxic, produced condensa- 
tion of the myelin of the peripheral nerves and mild swelling of the axons 
while the otlier drugs produced damage to the brain, spinal cord and 
peripheral nerves. In the latter the changes ^'aried from condensation 
of the myelin to the formation of truncated cones, vacuolation and frag- 
mentation of both myelin and axons. The spinal cord showed extensive 
damage with demyelination, vacuolation and shrinkage and pyknosis 
of nerve cells. The brains showed pyknosis and fragmentation of nerve 
cells, glial nodules and proliferation of the endothelium of the cerebral 
vessels which in some instances progressed to complete occlusion. Nel- 
son®® produced milder but essentially similar lesions in the sciatic nerves 
of hens bj^ giving fatal doses of sulfanilamide. Rabbits showed similar 
lesions, though less frequently, following fatal doses of sulfanilamide 
and sulfanilyl sulfanilamide. 

Reports of neuropathologic lesions attributed to the sulfonamides in 
human beings have been few. Fisher and Gilmour®* reported 2 cases of 
“encephalomyelitis” following the use of sulfanilamide. In 1 of these 
cases, in which an autopsy Avas performed, the pathologic lesions con- 
sisted of softening of the cord substance and various vascular lesions 
with hemorrhage and thrombosis in the small arteries and veins. The 
softening was accompanied by ballooning of the myelin sheaths and 
proliferation of the mici’oglial cells. The authors admitted that this 
softening may have been due to vascular occlusion but believed the 
vascular occlusion Avas due to the toxic action of the sulfanilamide. 
Santo®® reported a case of extensiA'e demyelination, focal necrosis, 
gliosis and A'acuolation of the spinal cord in a young man Avho had 
receiA'ed 60 gm. of uliron (dimethyl deriA'atiA'e of sulfanilyl sulfanil- 
amide). Roseman and Aring®* described the case of a young negro who 
had receiA-ed sulfamethylthiazole. At autopsy there was found a 
hemorrhagic encephalopathy confined to the gray matter of the cerebral 
cortex and basal ganglia. The lesions consisted of peri\-ascular hemor- 
rhages and focal areas of necrosis and each occurred about a central 
capillary or precapillary A’essel AA-ith either hyperpla.'^tic or necrotic 
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endothelium. In some of the vessels, thrombi were present. The 
neuronal damage was believed to be secondary to the vascular changes; 
the “ indications are that the precipitating factor of the sulfamethyl- 
thiazole encephalopathy may be a to.vic reaction on the vascular bed of 
the central nervous system.” 

The finding of Custer ct Fisher and Gilmour-’ and Roseman and 
Aring®' all point to a toxic action of the sulfonamides upon the endothe- 
lium of the smaller vessels of the brain ; the secondary changes in nerve 
tissue probably result from the edema and anoxia thus produced. 

The local application of soluseptasine, solid sulfapj-ridine or solid 
sulfanilamide to the brains of rabbits does not, according to Russel and 
Falconer,® produce any damage to the brain tissue. They mentioned, 
however, that excess of these substances, due to low solubility, excites 
a foreign body reaction. Essentially similar observations were made 
by Hurteau^^ who used sulfanilamide, sulfjithiazole, sulfadiazine and 
sulfap.^Tidine in cats. These findings are at variance with those of 
Pilcher, Angelucci and Jleacham^ who implanted sulfanilamide, sulfa- 
thiazole and sulfadiazine on the brain surface of normal dogs, all of 
which developed typical attacks of Jacksonian epilepsy. None of the 
control animals with like quantities of kaolin implanted on the brain 
developed epilepsy. Watt and Alexander®* reported convulsions in 
cats when sulfathiazole was implanted intradiirally but not wth sulfan- 
ilamide, sulfapjTidine, sulfadiazine or sulfacetainide. These authors 
also reported con^'ulsions in o patients in whom sulfathiazole had been 
placed in craniocerebral wounds. 

Skin. Skin rashes of various types following sulfonaiinde medication 
are well knorni but remarkably few histologic studies of these lesions 
have been made. Tedder®® made a microscopic study of the skin in 
6 cases of sulfanilamide rash. The histologic pictures of the different 
types of eruption presented various stages of inflammation and coidd 
not be differentiated from sensitization dermatitis. An interesting 
picture was presented by a dermatitis precipitated by exposure to sun- 
light following sulfanilamide therapy. The pathologic changes were 
similar to those of arsenical dermatitis or acute lupus erythematosus. 
Loveman and Simon®® noticed skin eruptions suggesting erythema 
nodosum follo^^•ing treatment with sulfanilamide. These lesions disap- 
peared after a few days but could be made to reappear by giving the 
patient further sulfanilamide. A biopsy taken from one of these lesions 
showed a histologic picture that was indistinguishable objectively from 
that of erythema nodosum. A few Gram-negative diphtheroids were 
present but these were not regarded as the etiologic agents. 

Wounds and Serons Carifics. The present practice of combating 
infections in wounds and serous ca\’ities by sprinkling them with the 
various sulfonamide powders raises the question of possible deleterious 
effects of the powders themselves. The work on this problem has been 
largely experimental. 

iSIeilon and McEanney®® studied the effects of sulfonamide compounds 
on the fibroblasts of chick embryo heart tissue cultures. These authors 
found that sulfanilamide induced an early inhibition of growth of the 
fibroblasts which were converted to macrophage type. The tissue, 
therefore, became sjmcj'tial instead of radiating uniformly from the 
e.xplant. Gl%Tm®' made standard cutaneous incisions in rabbits, placed 
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powdered sulfanilamide, sulfathiazole or sulfapyridine in the wounds 
and observed them, 5, 7 and 14 days later. He noted a slight but barely 
significant inhibition of fibroblast proliferation by sulfathiazole and 
sulfapyridine but not by sulfanilamide. He found that sulfanilamide 
and to a lesser extent sulfapyridine had a slight but definite necrotizing 
action on muscle. This toxic effect on muscle has also been observed by 
Nelson.®^ Glynn,-’' however, did not believe that the slight inhibition 
of fibroblastic proliferation or to.xic reaction are contraindications to 
the use of these drugs in wounds. 

Bricker and Graham’' attempted to show bj'^ measurements of tensile 
strength of wounds that sulfanilamide gi^’^en by mouth inhibits the 
healing of Avounds in dogs. The observations of Mueller and Thomp- 
son,®^ Jackson and Coller^- and Harbison and on the healing of 

wounds dusted Avith sulfanilamide poAvder indicated that no interference 
Avith healing or tensile strength of Avounds occurs. Mueller and Thomp- 
son®^ found that infected AADunds sprinkled Avith sulfanilamide poAvder 
healed AAuth greater rapidity than did similar Avounds not treated Avitli 
the drug. 

In serous caAuties, the A'^arious sulfonamides act as mild irritants and 
may elicit a foreign body reaction. Hageman®® injected mice intra- 
peritoneally Avith sulfanilamide and noted a foreign body reaction. 
Throckmorton®® placed powdered sulfanilamide, sulfathiazole, sulfa- 
pyridine, sulfadiazine, sulfamethyldiazine or sulfanilylguanidine into 
the peritoneal caAoties of rats after surgical laparotomy and studied 
the cellular responses and local conditions. The cellular responses 
elicited by the sulfonamide compounds Avere, qualititatiA’^ely, those of 
non-specific irritation. Their quantitatiA’^e differences seemed to be 
related to factors of solubility and irritation. The most irritating AA'as 
sulfapyridine. When clumps of the Amrious drugs Avere rapidly Availed 
off by viscera and omentum, such clumps Avere found surrounded by. 
foreign body giant cells 14 da^^s later. Organizing adhesions Avere fre- 
quent but only 1 case of partial intestinal obstruction Avas noted. 
Marked peritoneal irritation AAuth the presence of blood-tinged fluid in 
the abdominal caAuty Avas noted by Lehr, Antopol, Churg and Sprinz®® 
folloAAdng injections of sulfapyridine or sulfamethylthiazole into the 
abdominal cavities of rats. Sulfathiazole caused less irritation though 
large amounts of clear fluid A\'ere usually found in both pleural and 
peritoneal caAuties. 

Tumor Formaiion. Haerem®^ injected 20 SAviss mice with sulfanil- 
amide subcutaneously. Tavo mice dcA-eloped a spindle cell sarcoma at 
the site of injection. This finding could not be substantiated by 
Zamecnik and Koletsky'®® aaJio gaA'e repeated subcutaneous injections 
of sulfanilamide and of Prontosil suspended in oil, for 1 year. Lewis®^ 
injected sulfanilamide in oHa'c oil subcutaneously in mice and failed to 
produce tumors. MoreoA'er, he found that sulfanilamide injections did 
not cause mice to become refractory to implanted tumors nor did sulfan- 
ilamide injections cause regression of established tumors. 

Summary. In this RcA'ieAV an attempt has been made to indicate 
and describe the A-arious pathologic lesions that haA'e been attributed 
to the sulfonamide drugs both in e.xperimental animals and in man. 
In the heart, the lesions take the form of an interstitial niA-ocarditis 
with occasional foci of necrosis. Blood-A’essels, in man, may sIioav 
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inflammatory lesions indistinguishable from those of periarteritis nodosa 
in the ^nscera; in the brain there appears to be injury to the vascular 
endothelium with associated secondary parenchymal damage. The 
liver lesions are characterized by widespread focal necrosis and, as part 
of a general necrotizing process, focal necroses may be found in the 
lungs, hunph nodes, spleen and adrenal glands. The kidneys and 
urinary tract may be damaged by urolith formation with obstruction 
and subsequent inflammation. In association with agranulocytosis, the 
bone-marrow shows an arrest of maturation of the granular series with 
destruction of the more adult forms; in cases of hemol^-tic anemia there 
is erythropoietic stimulation. The skin changes are of a non-specific 
inflammatory nature. The sulfonamides act as mild irritants and for- 
eign bodies when placed in serous canties. There is no valid evidence 
to indicate that the sulfonamides are capable of producing tumors. 
Inasmuch as the lesions that have been attributed to the sulfonamides 
in human beings have, for the most part, been reproduced in healthy 
experimental animals, it seems reasonable to conclude that the lesions 
described in human beings are due to the drup employed rather than 
to the diseases for which the patients were being treated. 

It is not the intention to overemphasize the dangers of these extremely 
valuable drup, as Long, Haviland, Edwards and Bliss** fear. By 
bringing such lesions to general notice it is our pmpose to point out the 
anatomic bases for clinically observed toxic reactions and to emphasize 
the physician’s responsibility to exercise due care and caution in admin- 
istering what may be, in certain indi^•idnals, a potentially dangerous, 
as well as extremely -i-aluable drug. 

Morris A. Simon, M.D. 

Director of Laboratories, Jewish 
General Hospital, Montreal, Can. 
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THE INFECTIOUS PERIOD OF POLIOMYELITIS AND 
VIRUS DETECTIONf 

Two clinically silent features of disease, the incubation and infectious 
periods, are as useful for epidemiologic purposes as tlie clinically mani- 
fest signs. Precise information concerning both is necessary for tlie 
establishment of case-to-case relationships, and may be of prime im- 
portance in laying doira appropriate control measures. 

Time and space relationships in the distribution of cases serve, to a 
considerable extent, as a guide in determining mechanisms of dissemina- 
tion. An outbreak following the importation of a single case into an 
isolated and previously uninfected population group, a situation not 
often presented to the epidemiologist, affords an ideal opportunity for 
studying the relation betiveen cases. RusselP* has called Carter’s’* 
study of the extrinsic incubation period in yelloAv fever in such a situa- 
tion, “as good an example of intelligent field epidemiology as can be 
found anjrt\'here.” The existence of an interval of time between primary 
and secondary cases had been noted that was longer than the usual 
incubation period of the disease. The phenomenon, however, had 
never been criticall}' examined, for yellow fever was characteristically 
an urban disease wliere “ the difBculties in tracing individuals and their 
contacts are almost insurmountable.” Carter found an opportunity 
to pursue his inquiry “of the space of time which intervenes between 
the development of the first case which infected the environment and 
the development of cases contracted from this environment” in 1S9S 
in Orwood, j\Iiss. — “not a town or even a hamlet” but an agricultural 
neighborhood witli farms seldom closer than a mile apart and having 

* On active scn-ico in the armed forces of the United States. 

t Tliis study was supported by the Har\’ard Infantile Paralysis Commission and 
by a grant from the Commonwealth Fund. 
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little intercourse with the outside world, and “practically all non- 
immune to yellow fever.” He added two prerequisites for epidemiol- 
ogy and an epidemiologist — "people who were at once intelligent enough 
to know and honest enough to tell the truth and to cooperate in good 
faith with the efforts made to trace the infection of each case” and 
“Dr. Gant, who made the diagnosis of yellow fever, and under whom 
(directly or indirectly) all sanitary measures were conducted, was much 
beloved in the community, and had their entire confidence.” , 

From detailed studies of the time sequence of cases and of exposures 
to infected households Carter found that upon introduction of a primary 
case the environment did not become infective until 2 to 3 weeks had' 
elapsed, but was then infective even though the initial case was no 
longer present. Since the intrinsic incubation period was already well 
known to be not over 5 or 6 days, this extra period was called the 
“extrinsic incubation.” 

To Reed, influenced more by Carter’s study than anything else in 
planning the experiment that was to make history, the extrinsic incuba- 
tion period indicated a secondary host wln'ch did not travel far from 
the immediate abode of the primary case. For how could the infection 
always lie dormant for 2 weeks in fomites, then in the air as the favorite 
theory and as the basis of all attempts at pre^’^ention? From the 
vantage point of present knowledge— simple logic. But remember, 
all this took place only a few years after Theobald Smith had tapped 
the reservoir of insect transmission with ticks and Texas cattle 
fever; and just on the heels of Ronald Ross with Anopheles and 
malaria. Thus, with Carter’s extrinsic incubation period Reed suc- 
ceeded Avhere, without it, Finley had failed to establish his long-held 
mosquito hypothesis either on epidemiologic grounds, or by experi- 
mental transmission. 

Since the dissemination of the vii’us of poliomyelitis is accomplished 
for the most part through individuals who present no recognizable 
sjnmptoms; it is usually not possible to determine whether a given case 
represents the introduction of the infectious agent, nor is it easy to 
group cases which are related one to the other in the epidemiologic 
sense. Similarly, it is exceptional when the infectious period can be 
determined from history of exposure to a previous case, or the incuba- 
tion period measured from the interval between exposure and the onset 
of symptoms. Where contact between cases is seen as, for example, 
in multiple cases in families, exposure between the individuals has 
iisually been continuous, so that the precise time of infection cannot 
be fixed. In 1929, Aycock and Luther'^ collected data in instances of 
the disease following known exposure where some limit could be set on 
the time of e.xposure and on the interval between exposure and onset 
of tile disease. The data comprised milk-borne outbreaks, cases fol- 
lowing tonsillectomy, isolated small groups of cases in the same locality, 
and certain instances of multiple cases in families. Analysis of these 
sets of data, each of which served to set some limit on the time at which 
infection took place or on the interval between infection and onset of 
the disease, when taken together indicated an infective period extend- 
ing from the oth day preceding the onset of symptoms to the 5th day 
of the disease. From these data, it could likewise be ascertained that 
the incubation period was not necessarily under G days nor over 20 days, 
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the average interval between single exposures and onset of the disease 
being 11.8 days. 

Infectious Period. Data concerning 49 cases which followed a lim- 
ited exposure to a previous case are represented in Chart 1, as they 
afford an indication either of the earliest, latest or actual date w't'h 
reference to the onset of the primary case when infection of the secon- 
dary case could have taken place. In 18 of these cases the first exposure 
(but not necessarily the last) fell, in all but 2, between the 4th day 
before and the 5th day after onset of the primary case; in all but 1 of 
the 49 cases the last exposure (not necessarily the first) was not later 
than the 5th day of the disease in the primary'; and in 17 of the cases 


FIRST 

EXPOSURE 



LAST 

EXPOSURE 



ONLY 

EXPOSURE 


15 14 13 IE II 10 9 8 7 8 5 4 3 2 
OATS BEFORE ONSET 
I 



2345S789I0 
DAYS AFTER ONSET 




PROBABLE 
COMMON SOURCE 
INFECTIONS 


INDICATED 
INFECTIOUS PERIOD 


Chart 1. — Poliomyelitis. Cases following limited exposure to a prewous case, 
according to day of disease when exposure tdok place. 


there had been but a single exposure, in 16 it fell bettveen the 4th day 
preceding and the 5th day following onset of the primary. In 5 of the 
6 pairs of cases in which the last exposure to each other occurred earlier 
than the 5th day before the beginning of symptoms in the first case, 
the onsets in the 2 cases were practically simultaneous and occurred 
in both at an interval followng the exposure to each other correspond- 
ing to the incubation period of the disease. These instances suggest 
that, as a group, the cases in which exposure took place upwards of 
2 weeks before the onset of the first case represent, not secondary infec- 
tion one from the other, but rather simultaneous infection from sonie 
uncovered common source at the time when the 2 indmduals were in 
contact mth each other (Table 1). Thus, in these exceptional instances 
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where the time of exposure to a previous case can be determined, an 
infectious period extending from 4 days before to 5 days after onset of 
symptoms is indicated. 

Table 1.— Poliomyelitis. Simultaneous Onsets in Cases Exposed to Each 
Other More Than 1 Week Before Onset, Suggesting Simultaneous 
Infection From a Common Source 


Days Days, interval 

Exposure before onset between cases 

Last 14 1 

15 

Last 13 3 

16 

Only 12 2 

14 

Last 12 4 

16 

Last 8 9 

17 

Last 6 3 

9 


Incubation Period. The minimal, maximal and actual intervals be- 
tween exposure and onset for the 49 cases are shoivn in Chart 2. In 
IS of these cases, the maximal interval ranged from 6 to 14 days, and 
in 17 of these was the actual interval (following a single exposure). 

MINIMAL 



INDICATED 
INCUBATION PERIOD 


Ch.art 2. — Poliomyelitis. Intervals between e.vposure and onset (49 cases). 
Cases following limited exposure to a previous case, showing minimal, maximal and 
actual incubation periods. 

The minimal interval ranged from 1 to 20 days; but in the 14 cases 
showing a minimal interval of under 6 days, the exposure was such 
that the incubation period could have been longer. Thus, the incuba- 
tion period indicated bj* these intervals would appear to range from 6 
to 14 days; and, exceptionally, to as long as 20 days. 
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Investigating an outbreak of 121 cases in Walker County, Alabama 
in 1941, Casey*-'*^ found 36 instances where the initial case in a neigh- 
borhood followed a single short visit (less than 48 hours) to or from a 
prior victim of the disease. In 30, the contact took place before the 
initial patient became ill, and in all but 3 before the 4th day of illness 
in the first case. The incubation period when plotted from the day of 
e.xposure to the onset of the prodromal period varied from 5 to 35 days, 
average, 12.S days for 29 paralytic cases, and varied from 5 to 15 days, 
average, 9.5 days for the 8 abortive cases. Both the infectious period 
and the incubation period indicated by Casey’s observations are in 
close agreement with those indicated by the cases presented in.Charts 1 
and 2. 

From an earlier study of the inter\-als between multiple cases of 
poliomyelitis in families it was “inferred that the time of greatest 
infectiousness of infantile paralysis is probably at the beginning or 
vnthin the first 3 or 4 days of the acute stage of the disease.’’* In an 
ensuing comparison of multiple cases of measles, scarlet fever and polio- 
myelitis,* it was pointed out, although this was not the main point of 
the study, that the range of time within whicli secondary cases of 
poliomyelitis occurred Avas of the same order as that in measles, wliich 
is clearly determined by its short infective period, but different from 
that of scarlet fever where the interval between cases is frequently 
longer, due, as is well known, to prolonged infectiA-ity of the disease 
Anth complications. 

Still another indication that sources of infection are of brief duration 
is seen in the succession of cases in small population groups in small 
geographic areas regardless of any traced contact relationship between 
them. While other factors appear to be major determinants in the 
occurrence of the recognizable disease in the few of the many e.\posed 
to the Aurus, the time of deA'elopment of successiA-e cases in a given 
outbreak is of course a reflection of Aims dissemination in the popula- 
tion group. The occurrence of poliomyelitis in Vermont has been 
closely observed OA-er a long period. Data are available on cases by 
toAATiships and date of onset. In Chart 3 is shoAA-n the interA-als in days 
betAA-een the onsets of the first and second, second and third, and the 
first and third cases in the same toAAmship, during the same year, for 
the period 1912“1926, irrespectiA’e of any actual contact relationships. 
The tendency to simultaneous onsets in the first and second and the 
second and third cases is interpreted as an indication that successn'e 
or adjacent cases tend to receiA-e tlieir infection from common sources 
— sometimes a preAuous recognized case, but more often an unrecog- 
nized source. There is the suggestion, furthermore, that these sources 
of infection tend to be of brief duration. The tendency to a longer 
interAml betAA'een the first and third cases, an interA'al suggestive of the 
incubation period as previously shoAvn, rather points to secondary 
infection. Since cases as early as the third in these local groups are 
already beginning to occupy the position of secondary infections (occur- 
ring frequently after an interval corresponding to the incubation period), 
it AA’ould appear that the dissemination of A-irus in a community is 
accomplished by successiA^e virus reservoirs, each of short duration and 
each distributing Ai'rus to relatively small numbers of individuals. 
Such distributional features are those which would be e.vpectcd in a 
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contact infection, propagated by a succession of infected individuals 
each remaining infectious for only a brief period during which trans- 
mission to a relatively small number of individuals occurs; but which 
would not be expected to result from grossly contaminated extra 
human reservoirs or from chronic carriers of virus. 
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Chart 3. — Poliomyelitis. Intervals between adjacent cases (same townsliip) 
irrespective of historj’’ of exposure. 


Virus Detection. In many diseases deductions in regard to such 
features as routes of ingress or egress of the infectious agent, period of 
nifectivity or healthy carriage, were made in the first instance from 
distributional features of the disease, and were later verified by virus 
detection. Thus, in typhoid fever it might be said that techniques for 
detection of the organism served more to clearly define epidemiologic 
features of the disease laid down by Budd without the aid of bacteriol- 
ogy, than to actually reveal them. On the other hand, there are 
examples where virus detection has been the point of departure in 
evolving epidemiologic concepts. Both are useful, but must be in 
accord. 

Detection of an infectious agent in a given site does not in itself 
permit epidemiologic generalization. Brumpt'® and Davis'®-'® showed 
that the ticks Orniihodoros iurkata and Ornithodoros parkcri may harbor 
»i their tissues for long periods certain infectious agents of which they 
are not known to be spontaneous transmitters. Parker®® has used 
ticks of this genus as a means of transporting and storing safely for long 
periods the rickettsiie of Tobia petechial fever of Columbia and of 

011th African tick-bite fever and the rirus of spring-summer encephal- 
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itis of the U.S.S.R, More in point is the detection of hookworm eggs 

in the evacuations of patients which led Hirsch-" to state, “ the 

mature eggs of the worm, on their discharge from the patient’s intes- 
tine, undergo their first development in wet soil, being especially 
favored by high temperature; and thus the parasite comes in its larval 
stage, and doubtless 65’ the medium of drinlung water, into the human 
intestine, where it completes its development. We thus explain without 
difficult}^ how important for the occurrence of cachexie aqucusc are 

certain states of soil, and certain modes of life ” This earlier 

concept is even more plausible when we consider that the larvje 
from soil (or water) are experimentally infectious by ingestion and do 
not have to undergo any cycle of development in the circuitous route 
to the intestine starting vath ground itch, later brought in by Loos to 
correct the erroneous hypothesis. 

In poliomyelitis, the proficiencj'^ of \arus detection procedures is, 
because of technical difficulties, not e.xactly known. Furthermore, 
limited experience noth it does not permit conclusions as to the relative 
frequenc^^ of the presence of the %drus in one site or another. That 
the procedure as usually employed (the inoculation of single animals 
with suspected material) is deficient is indicated by the fact that intra- 
cerebral inoculation of emulsions of spinal cord from human cases 
(regarded as most favorable) frequently fails to produce the experi- 
mental disease. Flexner and Amoss’®’-® pointed out tliat failure to incite 
infection in a single rhesus monkey does not indicate lack of power to 
infect other individuals of the same species. In our experience, single 
inoculations of this sort are successful in only about 50 % of instances, 
but a second inoculation of another or even the same animal with the 
same material frequently is effective. In mew of such failures of virus 
containing material to infect, Flexner and Amoss*®’-® concluded from 
the frequency with which they detected virus in nasal and pharyngeal 
mucosa of persons succumbing during the first week of the disease (and 
their failure to detect it in tissues surgically removed later) that dur3ng 
the first week or 10 days of the disease these tissues probably regularly 
contain the virus. Ivling, Pettersson and Wernstedt" had years earlier 
carried out a series of attus detection tests on 9 conAmlescents OA'er a 
period of 7 months from AA’hich they concluded, “ that the secretion from 
the mucous membranes of the mouth and intestines of persons who 
haA'e recoA'^ered has had the power of infecting monkeys still seA'eral 
months .... after the onset of tlie illness . . . .” Flexner and Amoss 
felt that in interpreting the experiments of lOing, Pettersson and 
Wernstedt (done soon after poliomyelitis AA’as first transmitted to an 
experimental animal when criteria for the experimental disease AA'cre 
not yet clearly established), it was necessary" to take into account their 
qualifying statement that, “ During the time occupied by the investiga- 
tions, the Anrus had changed its character, so that it no longer caused 
inflammations with cellular exudations. Instead of this the degenera- 
tion of the nerA'e cells, the changes of the glia cells and the neuro- 
phagocytosis caused the enlarged glia cells haA'e been the character- 
istic changes. They haA'e thus been of the same type as those appear- 
ing in the monkeys injected with secretions from abortive cas^, and 
virus carriers, changes AA'hich .... Ave consider ourselves justified m 
assuming to be due to a less Ai'nilent A'irus. The experiment also shoAVs, 
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that the microbe rather quickly — already after 8-14 daj’^s — loses its 
power of causing inflammatory exudations in the inoculated animals. 
This fact is of very great importance from a practical point of view 
since it perhaps gives us the right to assume that the virus, possibly 
rather soon after the termination of the acute stage, gets weaker.” 
Using the more rigid criteria of infection in the monkey which had 
come to be accepted, the virus detection experiments of Flexner and 
Amoss indicated brief rather than chronic carriage of the virus in 
the nasopharyngeal mucosa. 

The dominant concept of the epidemiology of poliomyelitis, to the 
effect that the virus is disseminated through direct contact, receiving 
its major contributions from Caverly, Wickman, Flexner and Frost, 
and their coworkers, has been challenged at each step in its advance- 
ment by hypotheses either containing some element of plausibility or 
of hope. The water-borne theory, originating largely in supposed 
associations in time with swimming, or in space with water courses, 
has again been brought to the fore by the unmistakable detection of 
the virus in intestinal discharges. Virus has been detected in the stools 
of cases, contacts of cases and of other individuals as well as in sewage 
coming from hospitals in wliich there were cases of poliomyelitis and 
even in sewage draining cities in which cases of the disease either were 
numerous or few. Furthermore, it has been showm experimentally, 
that the virus resists chlorination in the doses ordinarily used in the 
treatment of water supplies. Thus, these laboratory findings in them- 
selves lend plausibility to the theory of transmission through water. 
To many (to paraphrase the reaction to a similar situation where a 
laboratory discovery led to the rejection of a large accumulation of 
evidence for the theory which it opposed), "this threw a flood of light 
on the etiology .... and revolutionized our entire conception of its 
epidemiology by displacing the then dominant and paralyzing .... 
theory of its origin by the now generally accepted and more hopeful 
.... one.”* Maxcy^^ in a recent “dissection” of the question has 
pointed out that in spite of laboratory data, the pattern of spread does 
not suggest dissemination through water supplies. No epidemics have 
been encountered ha\’ing the well-known characteristics of water-borne 
disease, and the tendency to radial spread is not influenced by water 
supplies in the areas involved. 

Renewal of studies, under circumstances which have permitted far 
more extensive laboratory investigation than was possible in the period 
of small scale experimentation, when attention was centered on detec- 
tion of virus in nasopharyngeal secretions, have amply confirmed the 
presence of the virus in intestinal discharges. The detection of virus in 
intestinal discharges from cases of the frank disease and suspected 
abortive cases, in the acute stage and in convalescence, in healthy con- 
tacts, as well as in sewage, by Paul and Trask has been confirmed by 
numerous workers in many localities. In the course of virus detection 

* A st.itement of Rogcr.s .nnei ]Muir=® concerning the discoverj* of the Hansen 
liacillus in 1S73 in leprosy and the thcoi^' of heredity which had prevailed since the 
cpidetnioloRic studios of Danielson and Boeck in ISIS. Subsequent studies indicate 
that the complete acceptance of the contapionist view docs not take into account 
familial aggregation in the occurrence of the disease which has been interpretefl as a 
manifestation of hereditarj’ susceptibility to infection.' - * '' 
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studies in New York City sewage, Trask and Paul-" incidentally readily 
demonstrated the presence of tubercle bacilli in sewage. They state, 
“ Certain monkeys, inoculated intra-abdominally with the routine dose 
of 20 cc. of etherized unconcentrated sewage, contracted an unusual 
form of peritoneal tuberculosis Avhereby, G to 12 weeks after inocula- 
tion, the omentum and visceral peritoneum were found studded with 
tubercles of fairly uniform size while lungs, pulmonary nodes, liver, 
spleen, and kidney were relatively free .... this form of tuberculosis 
was common. In fact, in monkeys observed for 6 weeks or more, it 
was seen in all of 7 monkeys so inoculated. From 1 of them a strain 
of tubercle bacillus was recovered which was identified as of human type 
by its growth in the presence of glycerol and its pathogenicity for guinea 
pigs and relative lack of pathogenicitj- for rabbits.” They also point 
out that their methods were highly selective in that systematic observa- 
tions of their animals were limited to body temperature, to general 
features, to the function of motion, and to the histology of the cord 
and brain stem. “Thus pathogenic bacteria, measles, mumps, etc., 
could have infected our monkeys (from inoculation of sewage] without 
our knowing it.” In spite of these observations, no one has felt it 
necessary to recast the epidemiology of tuberculosis. 
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Ch.art 4. — Poliomyelitis. Detection of virus in nasophaiymge.Rl tissues .and 
secretions, according to day of disease. 


Thus, there can no longer be a difference of opinion regarding the 
presence of the virus of poliomyelitis in both nasophar\mgeal and intes- 
tinal discharges. But there remains the question of their relative 
importance in the widespread dissemination of the virus. 

Because of the meagerness of data, and the lack of criteria of relia- 
bility of the procedures for Tunis detection, the relative frequency with 
which Turus appears in the nasopharyngeal or intestinal discliarges can- 
not be stated. In Charts 4 and 5 are shown the results of a number 
of virus detection tests carried out with nasopharyngeal and intestinal 
secretions from patients with poliomyelitis, according to the day of 
"the disease. These have been gathered from the literature available, 
with no attempt at completeness. In a number of papers, information 
was incomplete and negative tests were not included, so that no con- 
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elusion can be drawn as to the actual frequency with which virus was 
detected. But in one respect there is an essential difference. The 
virus has been detected in the nasopharyngeal secretions, in spite of a 
relatively large number of tests late in the disease, only within 7 daj'S 
of the onset, wdth a' single exception (in 1912) the interpretation of 
which is not entirely clear. On the other hand, the data available indi- 
cate that virus detection in intestinal discharges is relatively easy, 
weeks or even months after onset of the disease. Thus, from these 
laboratory observations alone one might be led to postulate 2 mechan- 
isms of spread, the operation of one resulting in outbreaks of the general 
charaeter of those seen in measles for example, and the other producing 
a pattern of distribution like that of typhoid fever. 

■ VIRUS FOUND 

□ VIRUS NOT FOUND p 

A ABORTIVE CASE H 



ONSET 


Chart 5. — Poliomyelitis. Detection of virus in intestinal discharges, according 

to day of disease. 


The classic example of 2'patterns of the same disease is seen in plague 
where different virus reservoirs set up mechanisms resulting not only 
m 2 different patterns of distribution but in different clinical types of 
the disease. There are numerous examples where different mechanisms 
of dissemination of the same infectious agent result in clearly distinct 
epidemiologic patterns, as in tularemia spread by handling rabbits or 
transmitted by ticks. 

In still other diseases seemingly with potentialities for more than 
one mechanism of dissemination, it may be difficult, on the surface at 
least, to explain why they (as judged by patterns of distribution) 
restrict themselves to one particular means of dissemination. 

Poliomyelitis preponderantly follows a single pattern of distribution, 
as measured by general features of the disease, such as seasonal and 
age distribution, as well as by time and space relationships between 
cases. This pattern, with the evidence that subclinical infection is the 
rule and frank disease the exceptional outcome of exposure to the virus, 
is consistent with the view that the virus spreads directly from person to 
person each in his turn playing the part of a brief carrier. Exceptions 
are rare. A few outbreaks of different pattern have been encountered 
in which the evidence indicated transmission through milk supplies 
briefly contaminated with the virus.®-'*’-''’ In 1 of these, where a source 
of infection of a small milk supply could be traced,®® the explosive out- 
break occurred at an interval corresponding with the incubation period 
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of the disease following the consumption of milk drawn by a patient 
in the fost 3 days of the disease. The particular point in the present 
connection illustrated by this outbreak is that the source of infection 
was an acute case and not a chronic carrier. Similar outbreaks, attrib- 
utable to chronic carriers of the virus, which might be e.xpected on the 
basis of virus detection studies alone, have not been observed. Still 
another localization in occurrence is seen in bulbar poliomyelitis follow- 
ing tonsillectomy or adenoidectomy."'-®-** Here the nasopliarjuix (upper 
respiratory or upper gastro-intestinal) and not the lower respiratory 
or lower gastro-intestinal tract is implicated. 

Just a century ago, in this Joiu-nal, Colmer*^ under the title “ Teething 
Paralysis in Children” described a group of cases in the parish of 
"West Feliciana, Louisiana, now considered the first reported outbreak 
of poliomj’^elitis in this country. Little epidemiologic detail was given 
beyond the facts that the 10 or 11 cases all occurred in young children, 
in the summer and fall and wnthin a short space of time and distance. 
Since Colmer’s report many epidemiologic studies have established 
these as cardinal features of the pattern of distribution which is every- 
where characteristic of the disease. In this paper a number of features 
of distribution are rei-ieived wliicli implicate brief harborage of the virus, 
as has been demonstrated in the nasopharjmx, rather than chronic 
harborage as demonstrated in intestinal contents. In exceptional occiu- 
rences, with different patterns of distribution, either the nasopharjTix 
or a short period of infecti\dty are likewise indicated. 

As already discussed, no satisfactory deductions can be made from 
reports in the literature concerning the relative frequency with which 
poliomyelitis ■vdrus has been detected in the nasopharjmx and intestine. 
In the early work, Kling, Pettersson and lYernstedt^ tested both sites. 
Although they reported detection of virus both in nasopharjmx and 
intestine in a high proportion of cases as w'eli as in healthy contacts, it 
is difficult, because of the criteria used for infection in their inoculated 
animals, to form an opinion from reading their published protocols as 
to the actual frequency with which virus was detected in either. In a 
recent survey of healthy harborage of the ^drus, Kessel and jNIoore"' 
examined 136 indi-\dduals admitted to hospital for tonsillectomy. Stools 
and the excised tonsils were obtained on the same day and made into 
pools (usually of 3 individuals). Of the 49 tonsil pools, 5 contained 
^^rus and 1 stool pool was positive, being from the same patients 
furnisliing one of the positive tonsil pools. It can be stated, therefore, 
that in this survey at least (because of pooling) 5 out of 136 individuals 
harbored poliomyelitis virus in tonsils and at least 1 out of 136 also 
harbored virus in the intestine. The relation of this substantial healthy 
carrier rate to the prevalence of the disease in the locality, will appear 
in the detailed report of these observations. 

lY. Lloyd Aycock, M.D. 

John F. Kessel, M.D. 
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Effect of Diet and Food Intake on Response of Mice to Murine 
Poliomyelitis Virus (Lansing Strain). Claire Foster, J. H. Jones, 
Werner Henle and Frieda Dorfman (Departments of Pediatrics 
and Physiological Chemistry, University of Pennsylvania and Chil- 
dren’s Hospital). Young mice (284) approximate! j" 30 days old were 
divided into three groups of 57, 170 and 57 animals respectively 
Group I received a complete synthetic diet, and Groups II and III 
the same diet, except that it was deficient in vitamin Bj. When the 
animals of the last two groups showed definite signs of vitamin Bi 
deficiency, the amount of thiamin was increased, and thereafter varied 
in an attempt to maintain the majority of these animals alive and at 
approximately constant weight. Shortly after the first adjustments 
m thiamin were made, all the animals were injected intracerebrally 
witli 0.03 ml. of mouse brain suspension in saline. Groups I and II 
received brain infected with the Lansing strain of murine poliomyelitis 
virus and Group III normal brain. At the 12th, 21st and 46th days 
after inoculation the percentage incidence of death and paralysis in 
the various groups was as follows; Group I, deaths — 85, 95 and 96; 
paralysis— -72, SO and 81. Group II, deaths — 19, 43 and 69; paralysis 
—7, 24 and 41. Group III, deaths— 10. 14 and 19; paralysis— none 
at any time. 

Another experiment, with 179 mice, was conducted very similarly 
to tlio above except that Groups II and III were also given the complete 
diet hut re.stricted to 1 gm. of food per day (about 40% of normal 
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intake). Tlie percentage incidence of death and paralysis at tlie 12tli 
and 21st days was as follows: Group I, deaths— 100 and 100; paralysis 
—SO and SO. Group II, deaths— 21 and OS; paralysis— 13 and *47. 
Group III, deaths— 20 and 44; paralysis— none at any time. The 
amount of virus given in the first experiment was from io to 100 and 
in the second, 500 to 1000 50% mortalitv doses. 

It is clear that a deficienc.y of either vitamin Bj or of total food 
intake definitely delays the action of poliomyelitis virus in mice. 
E.xperiments also indicated that a simple caloric deficiency produced 
similar results, and the administration of large amounts of thiamin 
when the food intake was reduced did not alter the results. 


Hypertension Following Chronic Lead Poisoning: Experimental 
Study. J. Q. Griffith, Jr., and M. A. Lindauer (Robinette Founda- 
tion and Medical Clinic, University of Pennsylvania). Fifteen albino 
rats were given 70 mg. of lead as a soluble salt daily for 6 days each 
week. The lead rvas introduced in 2 cc. of water by stomach tube. 
Blood pressure was measured at varying intervals. A few animals 
developed a vascular h.i'pertension by the 12th day, and all that sur- 
vived the 36th day were hypertensive. Based upon measurement of 
plasma creatinine in 4 animals, it was suggested that there was asso- 
ciated renal damage. 


A Further Study of the Effect of Vagotomy on the Secretory Response 
of the Pancreas to Peptone. J. 0. Crider and J. E. Tho.mas (Labora- 
tory of Physiology, Jefferson hledical College of Philadelphia). In a 
previous communication {Proc. Physiol. Soc. of Philo., 17, 6, 1941-1942), 
we reported that cutting or cocainizing both vagus nerves was followed 
by disappearance of the secretory response of the pancreas to intra- 
intestinal administration of peptone. These results were obtained in 
semiacute experiments in which the observations were made within a 
short time after the neiu'es rvere blocked or cut. In experiments per- 
formed since then in collaboration with Dr. A. J. Ramsay, it has been 
found that; 1. Administration of peptone into the intestine over a 
period of several hours causes changes in the acinar cells of the pan- 
creas which are indistinguishable from changes that follow prolonged 
stimulation of the vagus nerves. 

2. Twenty-four hours after cutting the vagi, peptone in the intestine 
is without effect on the histologic appearance of the pancreatic cells. 

In experiments continued over a longer period of time following 
vagotomy we hai'e found that the capacity of the pancreas to respond 
to peptone stimulation recovers to some extent. The recovery is 
incomplete in that the volume, specific gravity and total nitrogen of 
the secretion obtained following a standard dose of peptone are less than 
normal and the latent period is prolonged. Although the concentration 
of the secretion as indicated by the total nitrogen in mg. per ce. i-s 
reduced only slightly, the total amount of nitrogen (X per cc. X vol.) 
in each sample collected followng administration of a standard dose of 
peptone after vagotomy is only a little more than one-half the normal 
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amount. TJie nitrogen content is, however, still several times as great 
as in a corresponding volume of secretion obtained in response to 
secretin or to HCI stimulation. 

These results require modification of our previous conclusion to the 
effect that the reaction of the pancreas to peptone is a vagal refle.v. 
Although the vagi are evidentlj'- involved in the response in the normal 
animal an additional mechanism, the nature of which has not been 
determined, must be taken into account. 


Electron Microscope Studies of Bacteriophage. Thomas F. Andek- 
SON (The Johnson Foundation for Medical Physics, University of 
Pennsyh'ania). The bacteriophages are the only class of viruses whose 
mode of action on susceptible cells (bacteria) can so far be studied in 
detail with the electron microscope. Recent work (S. E. Luria and 
T. F. Anderson, Proo. Nat Acad. Sci., 28, 127, 1942; S. E. Luria, M. 
Delbruck and T. F. Anderson, unpublished) has made it possible to 
identify the phage particles as tadpole-shaped bodies with heads rang- 
ing from 50 to 80 m/x in diameter and tails of varying dimensions, and a 
morphology which is characteristic of the strain of phage. They are 
readily adsoi-bed on susceptible bacteria, and upon lysis of the bac- 
terium appear to be liberated from tviihin the bacterial cell. The debris 
of ceils of E. coH lysed by one strain of phage contains no particles which 
could be mistaken for particles of the other phage to which the bac- 
terium is susceptible. 

]\Iore recent work indicates that the acti\dty on E. coli of gamma- 
phage is rapidly destroyed by intense sonic vibration of the phage sus- 
pension. At the same time electron microscope studies show that the 
tadpole-shaped particles of gamma-phage are disintegrated by sonic 
vibration to a corresponding degree. This observation can be taken as 
further indication that the lytic activity of phage is connected witli 
the tadpole-shaped particles 
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Editorial Note to Medical Authors; We wish to call the special attention of 
author-contributors and readers of this Journal to two of the most frequent errors 
that appear in our manuscripts. 

The first — the misuse of "milligrams per cent” — is well covered on Page S3 of 
the American Medical Association’s book entitled "Medical Writing”: "Results 
of chemical determinations are frequently expressed as ‘milligrams per cent or 
‘grams per cent.’ This means literally ‘milligrams (or grams) per hundred milli- 
grams (or grams),’ which in most instances is not the information that the author 
wishes to convey. To insure accuracy a writer should specify the unit used, such as 
‘milligrams per hundred cubic centimeters’ or ‘milligrams per 100 gm.’ If a num- 
ber of values are (sic) given close together in a section or in a short paper, it usuollj’ 
is sufiicient to supply ‘per hundred cubic centimeters’ the first time the phrase 
appears and to use merelj' ‘milligrams' (not ‘milligrams per cent’) thereafter.” We 
have become so weary of correcting this fault — and yet probablj' have overlooked it 
in many cases — that we are taking this means of trj-ing to reduce it for the future. 
We hope that other journals, and especially the Journal of the American Medical 
Association with its large circulation, will also emphasize the point. 

We should like to regard the word "consider” as indicating that the item 
under consideration or being meditated upon, t.e., that no conclusion has been reached. 
This is usuallj’ the first meaning given bj' dictionaries for this word. JVe believe 
that, some dictionaries to the contrary notwithstanding, it is improper to uM the 
word where a decision has been reached; in which case some such word ns "think to 
be,” or “regard as” or “believe to be” or "hold as an opinion ” gives the more exact 
meaning. 

The Editor. 
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DISTRIBUTION OF THE PATTERNS OF VENTRICULAR 
POTENTIAL WHICH DETERMINE THE FORMS AND 
SIGNIFICANCE OF ELECTROCARDIOGRAMS 

By Charles C. Wolferth, M.D. 

Mary Miller Livezey, M.D. 

AND 

Francis Clark Wood, M.D.* 

PHILADELPHIA, PA. 

(From the Edward B. Robinette Foundation, Medical Clinic, Hospital of the 
University of Pennsylvania) 

We have recently reported- observations concerning the distri- 
bution of potential of ventricular origin on the body surface which 
demonstrate that two patterns of potential variation, one of which 
can be recorded when an exploring electrode is placed on the ante- 
rior chest wall just to the right of the heart, and the other, just to 
the left of the heart, are each well preserved along a surface line to 
the homolateral shoulder tip. It was found, hoAvever, that decre- 
ment (i. e., diminution in magnitude of potential variation) occurs 
as distance from the heart increases. Because of these character- 
istics, it was possible to demonstrate certain relationships of poten- 
tial among groups of positions along each of these lines. Thus, 
groups of three positions can be found whose relationship is such 
that the ventricular potential of an intermediate position is approxi- 
mately equal to the mean potential of a proximal and distal position, 
despite the fact that there may be considerable difference of poten- 
tial between the two latter positions, hloreover, groups of three 
positions can be found along each of these lines whose relationships 

* Now on Icnve of .nbsence “on .nctivc service.” 
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iiidicate either that the potential variations of the proximal position 
are approximately^ equal to the sum of the potential variations of the 
two distal positions from an assumed base line of zero potential at 
e\mry instant of the ventricular cycle, or that each position in such 
groups includes the same pattern of unrecognized potential varia- 
tion. The improbability of the latter alternative has been pointed 
out. 

In our former paper we designated these two patterns which could 
be traced far from the precordial region (Fig. 1) either by pairing 
electrodes at appropriate positions along each line or by the method 
of balanced potentials, as the “Cj pattern” and the “C5 pattern,” 



Fig. 1. — Diagram indicating by lines and arrows the directions along which dis- 
tribution of the Cl and "extra-apical” patterns of potential can be demonstrated. 


using the conventional meanings attached to the Ci to Ce positions 
(across the precordium from right to left). It was pointed out that 
the Cl pattern sometimes remains intact as near to the heart as tlie 
Cj position and can be recognized as far from the heart as the riglit 
arm or tip of the right shoulder, unless decrement is so great that 
potential variations become quite small at tlie distal areas. Under 
such circumstances even slight technical errors which remain con- 
stant assume greater relative importance, so that they may distort 
the recorded pattern and mask the relationship. Moreover, it 
should be emphasized that minor modifications in pattern are to 
be expected, since these regions are not insulated from the remainder 
of the body. The “Cs pattern” is usually well maintained on the 
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left side, so that it is easily recognizable as far away as the left arm 
and left shoulder. The term “C5 pattern,” however, is an unsatis- 
factory designation since the location of the position on the left chest 
wall which fulfills these relationships is not always the C5 position. 
This is probably due in part to differences in anatomic relations of 
the left border of the heart to the chest wall. The position is usually 
found just outside the left border of the heart somewhere between 
the C4 and Ce positions. Occasionally, however, the pattern found 
over the arm and shoulder is not fully maintained as low as the 
level of the C positions, but is maintained to a level 1 inch or 2 



Fig. 2. — Electrocardiograms under various conditions illustrating distribution of 
potential. (See explanation in text, section preceding Snmniarj’.) 


higher. For these reasons we have abandoned the term “ C5 pattern ” 
for the more accurate although less convenient designation “extra- 
apical pattern.” The similarity of the Ci and right arm patterns, 
and of the e.xtra-apical and left arm patterns was shown in the paper 
mentioned, but can be demonstrated in a more striking way by 
adjustment in sensitivity of the galvanometer so that the amplitude 
of the deflections recorded at the C positions is comparable with that 
of the arms (Fig. 2 , A, B, C and D). It was shown that Lead I is 
formed almost entirely by the extra-apical pattern, subject to the 
decrement found in the left arm, minus the Ci pattern subject to 
the decrement found in the right arm. 
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The studies which formed the basis of the previous report sug- 
gested that, aside from the patterns found on the precordium inside 
and exclusive of the Ci and the extra-apical positions and adjacent 
areas above and below, there are but three major patterns of poten- 
tial variations on the body surface which can be detected by elec- 
trocardiography. In certain areas, however, particularly about the 
attachment of the diaphragm, there may be sufficient overlapping 
in the distribution of these patterns to result in composite con- 
figuration. The three major patterns are; (1) the Ci, and (2) the 
extra-apical patterns mentioned above, and (3) a pattern found by 
the method of balanced potentials when the exploring electrode is 
placed anjnrtdiere on the body below the attachment of the diaphragm 
to the trunk, except on the abdominal wall near the precordium. 
This third pattern which because of its distribution we have called 
"the diaphragmatic pattern,” unlike the other two, does not seem 
to be subject to rapid decrement on the body surface as distance 
from the heart increases, but is often found to be much the same 
in areas far distant from each other and at variable distances from 
the heart (Fig. 2, Gl-S). 

The method of balanced potentials previously described was used 
in the major part of this study dealing with patients. Observations 
were made on a large number of cases with common types of electro- 
cardiographic abnormality such as those caused bj^ ventricular 
h 3 'pertroph 3 ', the various types of infarction, and bundle branch 
block. 

1. Distribution of the Ci Pattern. As stated above, in some cases 
the Cl pattern remains intact as near the ventricles as the C 2 posi- 
tion. As the exploring electrode is moved to positions along a 
surface line from the Ci position to the tip of the right shoulder, the 
pattern is well maintained as distance from the Ci position increases, 
until the deflections become extremelj’- small (Fig. 2, El-7). Some- 
times the pattern can still be recognized at the tip of the shoulder 
(Fig. 2, ES). The deflections obtained on the right arm are alwaj's 
smaller than those of the anterior axillary region and alwaj's larger 
than those obtained at the tip of the shoulder. Although the matter 
has not been fully studied, various positions on the right anterior 
and lateral chest wall at some distance from this line maj'’ also jdeld 
much the same pattern. If a surface line is drawn across the right 
side of the back from tlie tip of the right shoulder to the diaphrag- 
matic level, at a point midwaj* between the spine and the posterior 
axillary border, and the exploring electrode placed at various areas 
along this line, the results are as follows: the deflections grow 
smaller between the tip of the right shoulder and the spine of the 
scapula (Fig. 2, ES-11). At the latter area they are usually smaller 
than at anj- other area on the bod^v surface. As the exploring elec- 
trode is carried down the back toward the diaphragm, larger deflec- 
tions having the Ci pattern are sometimes found but near the dia- 
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phragm the Ci pattern tends to be lost. This finding will be referred 
to later as well as the distribution of the Ci tj^pe of potential on 
the abdomen. 

2. Distribution of the Extra-apical Pattern of Potential. The dis- 
tribution of the extra-apical pattern of potential on the left chest, 
shoulder and arm is very similar to that of the Ci pattern on the 
right side. The most convenient method that we have discovered 
for finding it in a position near the heart is the following: Tracings 
are made by the method of balanced potentials with the exploring 
electrode on the left arm and then on a series of 5 evenly spaced 
areas along the line between and including the C4 and Ce positions. 
From one or more of these positions a pattern can be obtained, which 
so far as our experience goes always resembles that of the left arm. 
Occasionally, however, as has been stated, the closest resemblance 
cannot be found at this level, but may be found 1 inch or more abo^'e 
the level of the apex along the line from a position just outside the 
apex to the tip of the left shoulder. As the exploring electrode is 
carried along this line to various areas nearer the shoulder, decre- 
ment may not begin to manifest itself until the electrode position 
is at least 2 or 3 inches above the level of tlie apex. Above this area 
decrement is rapid as distance from the heart increases, although 
the deflections are usually fairly large at the tip of the left shoulder 
(Fig. 2, Fl-6). The extra-apical pattern is well maintained there, 
unless because of some pathologic condition deflections had been 
small at the extra-apical position and are therefore extremely small 
at the tip of the shoulder. With this exception the amplitude of 
deflections obtained with the exploring electrode on the left arm is 
usuall}'’ considerably greater than in the case of the right arm. If a 
surface line is drawn from the tip of the left shoulder posteriorly to 
the level of the diaphragm about midway between the spine and 
the left posterior axillary line (similar to the line described on the 
right side) and the exploring electrode placed along this line, the 
findings are as follows: the extra-apical pattern may undergo 
further decrement at areas along the line to about the le^'el of the 
spine of the left scapula (Fig. 2, FG-9). When potential variations 
are small at the extra-apical position, they are almost negligible 
over the spine of the left scapula, often being even smaller than on 
the right side. Below the spine of the scapula there may be little 
or no further decrement and the amplitude of deflections may actu- 
ally increase. However, as the diaphragmatic Ica’cI is approached 
the pattern may .show considerable change, as it does on the right 
side. 

3. The Diaphragmatic Pattern of Potential. The diaphragmatic 
pattern can be recognrzed in tracings made by the method of bal- 
anced potentials whenever the exploring electrode is placed on the 
parts of the body surface below the le\’el of the diaphragm poste- 
riorly, on the right flank below the diaphragm, the left flank below 
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the diaphragm (unless the heart extends well toward the axilla), 
the lower abdomen and both legs. The deflections as a rule do not 
vary much in amplitude in these areas, thus failing to show the 
marked decrement observed in the two other patterns, as distance 
from the heart increases (Fig. 2, Gl-8). On the right side of the 
back, rapid decrement of the diaphragmatic pattern is observed as 
the electrode is moved to positions successively higher above the 
attachment of the diaphragm so that deflections decrease and the 
pattern may be gradually lost in the course of a few inches (Fig. 2, 
Hi, 2 and S). On the left side, however, the extra-apical pattern 
is usually so well transmitted to the back above the diaphragm that 
a similar observation cannot be made and the attachment of the 
diaphragm often marks an almost abrupt transition from one pattern 
to the other (Fig. 2, Kl-G). However, in certain cases with small 
deflections at the Cs position, decrement is such that these latter 
potential variations may become negligible on the back of the chest. 
Under such circumstances the rapid decrement and loss of the dia- 
phragmatic pattern of potential above the attachment of the dia- 
phragm can be demonstrated just as it can be on the right side 
(Fig. 2, J 1,2 and 5). 

4. Prccordial Poicniial Patterns Between the Cj and Extra-apical 
Positions and. Their Distribution. It is well known that, as an 
exploring electrode is moved from tlie Ci position to successive C 
positions to tlie left, and tracings made at each of these areas, the 
pattern tends to show at least some change, so that no two are 
exactly alike. If a definitely pathologic pattern is recorded at one 
of these areas, it is also reflected at least to some extent at nearby 
areas. When marked differences are recorded from adjacent C 
positions, a series of tracings made from areas between the two 
shows the change to be gradual rather than abrupt (Fig. 3, Bl-o). 
Special methods of pairing electrodes are not required to demonstrate 
these phenomena. They suggest that there is considerable over- 
lapping of the cardiac volumes which contribute most of the poten- 
tial to precordial surface areas near each other. 

If, in the study of the various precordial potential patterns, the 
metliod of balanced potentials is used, or the e.xploring precordial 
electrode is paired Avith an electrode on an area of relatively slight 
potential variation such as the right scapular region,* and an 
arbitrarily chosen test lead is simultaneously recorded for the 
purpose of timing the deflections found in each position with refer- 
ence to those of other precordial positions, the folloAving facts can 
be demonstrated; (1) potential variation seems to begin at the 
same instant on every part of the precordium (Fig. 3, Al-5, Dl-d, 

* The patterns obtained by these methods of pairing do not differ materially from 
those obtained by pairing the exploring electrode rrith one placed on the right arm 
unless there is considerable difference of potential between the right arm and the 
right scapular position. Even in such cases the Ci and C; patterns remain practically 
intact although the amplitude of deflections may be less in the CR leads. 



DISTRIBUTION OF PA'i'TERNS OF VENTRICULAR POTENTIAL 475 

Fig. 4, Al-5), although occasionally in certain areas there may be 
a close enough balance of electromotive forces that our relatively 
crude methods of recording may fail to show potential variation. 
(2) Over normal hearts, at the Ci position there is an initial positive 
potential variation of relatively small magnitude, terminated bj^ a 
sharp wave of negativity. As the exploring electrode is moved to 
the C2, C3, C4, Cs and Cg positions successively, the positive potential 
tends to increase in magnitude with each shift in position as far to 
the left as the C4 or Cs position (depending upon the relation of the 
cardiac apex to the chest wall) but in all these positions it is ter- 
minated by a sharp change in direction of potential variation 
(Fig. 3, Al-5). These waves, as has been pointed out by Wilson 



Fig. .3. — Electrocardiograms under various conditions illustrating distribution of 
potential. (See explanation in text, section preceding Summarj'.) 


using a different method,^ seem to correspond to the pre-intrinsic 
and intrinsic waves of epicardial electrograms. In certam cases 
initial negative potential of small magnitude may be found at the 
C4 or C.G position. AWien it is found at the C4 position, its magnitude 
is usually slightly greater at the C5 position. In such cases there is 
delay in tlie onset of positive variation at the positions where poten- 
tial variation is initially negative. The T wave potential variation 
is normally positive at all the C positions to the left of the sternum. 
Thus with such methods of pairing electrodes, problems of standard- 
ization become relatively simple. (3) When notching or splintering 
of the QRS complex is present, suggesting that two pairs of pre- 
intrinsic and intrinsic-like waves are being recorded at slightly 
different time intervals, it can sometimes be shown that one of these 
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pairs shows maximum deflections at the Ci or C 2 position and tlie 
other at the C 4 , C 5 or Cg position (Fig. 3, D]-5, Fig. 4, Al-5). This 
indicates that they are derived from different parts of the heart.* 
We have previously shown that the C, and extra-apical patterns 
are distributed o^'er the anterior abdominal surface although with 
considerable decrement as distance from the heart increases.- It can 
be shown by the same methods used to demonstrate the distribution 
of the Cl and extra-apical patterns, that the patterns found at 
intermediate C positions are also distributed on the surface of the 
upper abdomen, although this relationship is somewhat obscured 
by the overlapping in distribution of neighboring chest patterns 
(Fig. 3). 



potential. (See explanation in text, section precedinp: Summary.) 

Studies on Experimental Animals. Obserrations on the rat showed that 
the ventricular potential of all parts of the bodt’ below the diaphragm, in- 
cluding the hind legs, abdominal wall, liver and intestine, is about the 
same (Fig. 5). This obviously means either that potential is almost uni- 
formlj’' distributed in this part of the rat’s bod3-, or that these tissues are 
almost insulated from cardiac electrical actixdtj'. 

The distribution of ventricular potential was next investigated in a 
mediimr-sized dog, using needle electrodes insulated except at the tip. 
Xembutal anesthesia was emploj’ed. Wlien the e.xploring electrode wa« 
paired with an electrode inserted beneath the skin of the right foreleg, 
tracings practicallj- identical in pattern were obtained from both legs, 
various parts of the abdominal wall and corresponding points within the 
abdomen reached bj- puncturing through the abdominal wall (Fig. 6, AI-S). 
However, the deflections became progressivel.v slightl.v larger as the explor- 
ing electrode was placed higher on the abdomen and were larger in the 
subcostal angle than elsewhere on the surface, indicating the pre.«ence of 
decrement as distance from the heart increased. From the mid-abdonicn 
to the subcostal angle the deflections obtained by jsimcturing the exploring 

* Observations on the contribution of each ventricle to the clcctrocariiioprani "ill 
be presented in a subsequent paper. 
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electrode through the abdominal wall ivere slightly although appreciabl}' 
larger than those obtained from the corresponding surface area. 

When the abdomen was opened and the exploring electrode inserted 
directly on the diaphragm, practically the same pattern ■i\"as recorded 
eveiywhere except near to and directly under the heart (Fig. 6, Bl-7). 
This pattern was like the one recorded from the legs, the abdominal wall 
and within the abdomen. However,- as the exploring electrode was moved 
from various parts of the periphery of the diaphragm to positions nearer 
the heart, much greater increase in amplitude of deflections was observed 
than had been found bj^ moving the electrode comparable distance on the 
abdomen. Near to and directly under the heart, not onty Avere the deflec- 
tions larger than elsewhere but also as the electrode was moved from one 



Fig. 5. — A series of clectroc.irdioRranis made in a rat. In A the traeing was made 
with electrodes paired on the left liind leg and right fore leg with the polaritj' as in 
Lead II. In B the loft leg electrode was shifted to the abdominal wall, in C to the 
surface of the liver, and in D to the surface of intestinal loops. Note the similaritj’ of 
Iiattern and size of deflections in all these tracings. 


])osition to another, the patterns changed materiall 3 ^ Examination of the 
configuration of T Avat^es in the patterns found near the heart suggested 
that the potential of the diaphragm at all positions farther from the heart 
was in effect a composite of these proximal patterns. It Avould appear, 
therefore, that the potential of all parts of the bodj- beloAV the diaphragm 
was derived from the same sources as the jiatterns found on the diaiihragm. 
Furthermore, it AA'ould appear that: (1) decrement in imtential on the dia- 
phragm A\’as considerable as distance from the heart increased; (2) it Avas 
proportionatel.A' less rapid although still appreciable on the upper abdomen; 
and (3) below the mid-abdomen further increase in distance from the heart 
caused practicalh- no change in magnitude of deflections. 

hen the exploring electrode Avas inserted upward through the dome of 
the left diapliragm. the iiattcrn obtained from a iiosition just alioA’c the 



478 


WOLFERTH, UVEZE\, WOOD: 


diaphragm was much the same as that found on the corresponding under 
surface although the QES complex deflections were larger and the T wave 
smaller (Fig. 6, Bp and Cl). As the electrode was pushed upward into the 
left lung and tracings were made at inten-als of about 1 cm., gradual change 



Fig. 6. — Electrocardiograms under various conditions illustrating distribution of 
potential in the dog (See explanation in text, section preceding Summarj'.) 


in pattern occurred in tlie lower 3 cm. of the lung (Fig. 5, Ct-5\. When 
the exploring electrode was pushed through the dome of the right dia- 
phragm and the same procedure followed, the differences in pattern vere 



Fio. 7. — Electrocardiograms under various conditions illustrating distribution of 
potential in the dog (See explanation in text, section preceding Summarj’.) 


slightly greater than had been found on the left side (Fig. 6, Dl~4). It is 
possible, however, that the electrode was nearer the heart on the right side. 
In this series of e.xperiments, the exploring electrode was probably never less 
than 3 cm. nor more than 5 cm, distant from some part of the external 
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surface of the heart. It was evident that considerable potential variation 
develops within the substance of both lungs and that the potential of 
areas near to the heart and to each other may differ considerably. 

Study of the patterns obtained when the exploring electrode was placed 
on the chest wall suggested that decrement occurred as distance from the 
precordium increased, in somewhat the same manner as in the human 
(Fig. 7, Al-9). However, considerable change in pattern was noted at 
areas distant from the heart. We have made no attempt to develop the 
method of balanced potentials in the dog and have therefore not ruled out 
the possibility that these changes in pattern are due to the relatively greater 
influence of the right foreleg potential variations on the configuration of 
electrocardiograms when the exploring electrode is placed at some distance 
from the precordium. 

When the exploring electrode Avas inserted through the chest wall for a 
distance of 1 to 2 cm., the deflections Avere as a rule slightly greater than 
those found in the corresponding overlying subcutaneous tissues (Fig. 7, 
Bl-9). HoAvever, the configuration of the patterns obtained from cor- 
responding points inside and outside the chest AA^all remained much alike in 
most regions. The chief exception to this rule Avas noted in the configuration 
of T Avaves in certain axillary positions. As electrodes AA'ere inserted from 
the lateral AA^alls of the chest deeper into lung structure, approaching the 
posterior aspect of the heart, the deflections became considerably greater 
(Fig. 7, Cl-6, Dl-6). The patterns in superficial parts of the lung, AAfiich 
.shoAved resemblance to those of the outer chest Avail, Avere considerably 
different from those obtained in deeper parts of the lung near the heart. 
Tracings made at 1 cm. distances from each other shoAved these changes to 
be gradual in occurrence. 

Discussion. In the dog and the rat there appears to be distribu- 
tion of one pattern of potential A^ariation to nearly all parts of the 
liody beloAv the diaphragm, including the surfaces of the intra- 
abdominal tissues. In the dog, fairly rapid decrement can be 
demonstrated on the diaphragm as distance from the heart increases. 
wSlight decrement can also be demonstrated on the upper abdominal 
wall. In the human, as our experiments have shoAAm, there is a 
much larger area of practically uniform distribution of potential on 
the loAA'er jiart of the body than had hitherto been thought. The 
human differs from the dog in that, in the former, it is possible to 
demonstrate that precordial patterns of potential are distributed 
to some extent on the surface of the upper abdomen. HoAA'eA^er, 
limited studies of the potential of the interior of the stomach in the 
human fail to rcATal evidence of distribution of the precordial pat- 
terns to that region. The pattern of potential Amriation conforms 
fairly closely to the diaphragmatic pattern, but tends to be of 
greater magnitude than those of the legs. Thus, in the human as 
AA'cll as in the dog, it may be that there is AA’idespread distribution of 
the diaphragmatic pattern of potential on and below the diaphragm 
and that in parts of the body near the heart, the phenomenon of 
decrement may exist in the liuman as it does in the dog. It is 
probable that the distribution of the precordial patterns of potential 
to the upper abdomen in the liuman is mainly through electrical 
patliAA'ays in the abdominal aamII. 
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It was known by Einthoven that the potential variation of cardiac 
origin of all parts of the surface of each extremity is practically 
uniform and that the potential is practically identical in both legs. 
We have previously shown that slight differences of potential can 
often be recorded when electrodes are paired on the outer and inner 
aspects of the upper arms near their attachments to the trunk, 
particulaidy on the left side.® These changes, however, are not 
great enough to invalidate Einthoven 's assumption regarding the 
distribution of potential in extremities, which is one of the minor 
supports of the equilateral triangle hypothesis. His major assump- 
tion, although he did not explicitly state it as such, is that the body 
tissues function as a homogeneous fluid \-olume conductor. If this 
assumption be valid, only relatively unimportant error would l)e 
introduced by his further assumptions that: (1) the heart may be 
considered as equidistant from the vertices of the angles of an 
equilateral triangle, formed by Imes connecting the attachments of 
the arms and the pubis; and (2) the heart is far enough away from 
the extremities that no part has an advantage over any other part, 
by virtue of its position, in producing potential changes in the 
extremities. 

On the basis of evidence now at hand, it seems safe to say that 
the laws governing the distribution of potential in an e.xteusive 
medium of uniform conductivity are not applicable to the distribu- 
tion of potential throughout the human body, probably because of 
differences in the electrical characteristics of the various tissue 
structures between the heart and the body surface. All of our find- 
ings seem to emphasize the importance of these structures even to 
the extent that the body can be divided into various regions, in each 
of which certain characteristic differences in the distribution ot 
potential can be discovered. Thus, as has been shown, in the region 
closely surrounding the heart (probably not more than 2 or 3 inches 
from some part of its external surface) the potential variations 
appear to decrease very markedly as distance from the heart in- 
creases. IMoreover, throughout this region, the pattern of potential 
variations is found to differ in positions near each other just as it 
does on the precordium (Avhich is a part of the region under con- 
sideration). 

The Cl, extra-apical, and diaphragmatic patterns, however, each 
of which has its o\ni region of distribution, appear to dominate the 
potential variations of nearly all other parts of the body. These 
patterns, as judged from the effects produced on them by myo- 
cardial infarction, seem almost independent of each other, although 
complete independence would doubtless be impossible. The modes 
by which each of the three is directed to its own large area of body 
surface, where the effect of other ventricular electrical activity is 
practically negligible, cannot be satisfactorily explained at this time. 
It seems* possible that the distribution of these three patterns 
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depends largely on areas of contiguity of the diaphragm and the 
lungs to the heart and the special anatomic and electrical charac- 
teristics of these structures. However, studies in patients with 
unilateral pneumothorax in which the lung is not in contact with- 
the chest wall (not reported in this paper) indicate that conduction 
may occur via the precordium and lateral chest wall independently 
of the lungs. Thus, it seems possible that the Ci and extra-apical 
patterns receive some accretion via the precordium as well as through 
the lungs. If, as seems certain, precordial and diaphragmatic poten- 
tial variations depend mainly on electrical activity in limited vol- 
umes of the heart, our demonstration of the distribution of these 
potential patterns indicates that electrical activity in certain limited 
volumes of the heart dominates the potential variations of large 
areas of the body surface, including the extremities.* 

The phenomenon of decrement observed in the upper part of the 
body must depend on the structure and electrical characteristics of 
the conducting media. In the case of extensive conductors, the 
magnitude of potential change may be expected to ^'ary in some 
inverse relationship with distance from the source of electrical 
activity. The practically uniform distribution of potential througli 
out all parts of the surface of any one of the arms or legs, irrespective 
of relative distances from the heart, is probably owing to the facts 
that: (1) the tissues of the arms and legs are good conductors; and 
(2) because of their structure further dispersion of electrical path- 
ways is not possible, thus current flow throughout extremities is in 
effect limited to one dimension so that the extremities function 
electrically much as wires. The comparatively slight decrement in 
the diaphragmatic pattern of potential on the trunk below the 
diaphragm is more difficult to explain, although after this pattern 
has been distributed throughout the diaphragm, wliich probably 
functions as a plane conductor, the situation may be somewhat 
analogous to that of the extremities. The apparently limited distri- 
bution of the diaphragmatic pattern above the diaphragm is a 
perplexing phenomenon and raises the question as to what part 
the lungs play in obstructing the upward distribution of this pattern. 
That it is well distributed just above the diaphragm is clearlj' shown 
when tlie exploring electrode is punctured through the diaphragm 
of the dog. 

_ The demonstration, by the use of the method of balanced poten- 
tials, of hitherto unsuspected facts regarding the distribution of 
potential suggests that certain changes in the methods of electro- 
cardiography may be desirable. One of the first questions we must 
ask ourselves is, whether the preoccupation with limb leads is 
justifiable. If the equilateral triangle hypothesis cannot be upheld, 

Vo do not imply by those statonionts th.at electrical activity in any part of the 
heart fails to influence the potential of any part of the body. Wo are concerned here 
"ith tho«e offccts which dominate the pattern. 
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limb leads must justify themselves entirely on empirical grounds. 
The following statements maj’’ be made in defense of them: (1) 
limbs are convenient positions for the application of electrodes, 
»(2) countless limb lead electrocardiograms have been made, (3) 
limb leads have proven themselves satisfactory for the study of 
abnormal cardiac mechanisms, and (4) limb leads may demonstrate 
abnormality on the posterior wall of tlie left ventricle, whereas chest 
leads usually fail to do so. 

We haA'e already described how Lead I is formed.- Lead II is 
formed by the diaphragmatic pattern of potential, minus the Ci 
pattern after each has undergone the decrement found in the posi- 
tions to which the electrodes are attached. Lead III is formed by 
the diaphragmatic type of potential, minus the extra-apical pattern 
after each has undergone decrement. The measurements of the 
differences between pairs of tliese three types of potential variation, 
each of which is derived mainlj'- from separate parts of the heart 
and each of which is greatly modified, depending on the characteris- 
tics of the electrical pathways between the heart and the limbs, 
have led to endless difficulties in standardization, questions as to the 
meaning of the direction and amplitude of various deflections, of 
slurrings and notchings. It would seem to us far more desirable to 
measure the potential of each of these areas against a constant 
potential if this were possible. The method of balanced potentials 
has already been shown, by experimental check, to be a step in the 
direction of this objective, but it is too time-consuming for routine 
clinical electrocardiography. However, as we have shown, the right 
scapular region is an area where ventricular potential is most often 
nearly the same as that of balanced potentials. Consequently the 
results obtained by pairing an electrode on this area with tlie 
exploring electrode are in most cases almost identical with those 
obtained by the method of balanced potentials. Even in cases with 
marked potential variations on the body surface, such as may be 
found in ventricular hj^pertrophy, the differences are not likely to 
be great. It seems to us, therefore, that a closer approximation to 
the potential of the exploring electrode can be recorded by this pro- 
cedure tlian by anj- other simple method. 

After fairly extensive clinical study we are convinced that a series 
of leads made with the exploring electrode on positions Ci to Cs 
inclusive and on either the right or left leg, paired with an electrode 
on the right scapular region, reflects more information of clinical 
value than can be obtained by conventional methods of pairing 
electrodes. In our opinion all three limb leads could be discarded 
without sacrificing any real values, and with the very great advan- 
tage of ridding ourselves, once and for all, of the infinite variability 
of pattern found in these leads. Aluch of this variability is depen- 
dent on the electrical characteristics of tissues outside the heart, so 
that it is of dubious clinical significance. 
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The matter may be illustrated by discussion of “posterior” 
infarction. This is the location of injury which, above all others, 
has justified the use of limb leads because of the changes produced 
in Leads II and III. However, these changes are nearly all owing 
to change in the diaphragmatic pattern of potential. Lead II is 
more dependable than Lead III for the diagnosis of posterior infarc- 
tion, because potential variation in the right arm is usually consider- 
ably less than in the left arm, so that the changes in the diaphrag- 
matic pattern are less obscured in Lead II. The superiority of a 
lead in which an electrode is placed over the right scapula instead 
of the right arm is owing to the fact that potential variations are 
even less on the scapula than on the arm, so that a closer approxima- 
tion to the really significant changes in the diaphragmatic pattern 
is obtained. 

In view of the inadequacy, suggested by this study, of the gener- 
ally accepted methods of making electrocardiograms, one may ask 
how methods which seem to be so imperfect and to include so much 
irrelevancy have enabled electrocardiography to maintain its impor- 
tant position in cardiac diagnosis. So long as limb leads only were 
being made, electrocardiography owed much of its standing to the 
fact that it was almost always a satisfactory procedure for the display 
of abnormalities of cardiac mechanism. That it had obvious limita- 
tions as a diagnostic procedure for the discovery of injury of the 
myocardium was not difficult to demonstrate. That these limita- 
tions were not even greater is because (1) the potential variations of 
ventricular origin on the right arm are as a rule comparatively small 
in magnitude, and (2) thej^ are relatively little affected by involvement 
of the left ventricle. Thus, Leads I and II usually bear some resem- 
blance to the extra-apical and diaphragmatic patterns of potential 
variation respectively, whether these be normal or abnormal in 
contour. Since the introduction of chest leads, the latter have been 
generally regarded as a useful supplement to the supposedly funda- 
mentally important limb leads, based on the fact that in certain 
cases the chest leads alone refiect evidence of myocardial injury. 
Even the potential variations of the most inappropriate positions 
that can be chosen for the electrode paired with the exploring chest 
electrodes are as a rule unable to obscure the value of chest leads, 
because of the fact that potential variations at positions so near the 
heart as the anterior chest wall tend to be much greater in magnitude 
than those of positions farther from the heart. It is evident that 
not all of the various metliods heretofore proposed for pairing with 
the exploring chest electrode could yield the most significant tracings 
obtainable and there is no clear evidence that any of them achieve 
this goal. On the basis of the data presented in this paper it appears 
possible to devise simple electrocardiographic metliods which may 
clarify the significance of recorded deflections and facilitate the 
satisfactory standardization of electrocardiographic leads. 
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E^qplanation of Figures 2, 3, 4, 6, and 7. Figure 2. Series A and B were 
obtained from a patient with right bundle branch block, the method of 
balanced potentials being used. A1 represents the potential variations of 
the Cs position and A2 the potential variations of the left arm. *43 was 
made in the same waj’’ &s A1 except that the sensitivity of the galvanometer 
was reduced so that the deflections would be comparable vith those ob- 
tained when the exploring electrode was on the left arm. B1 was made 
with the e.xploring electrode on the Ci position and B2 with the exploring 
electrode on the right arm. BS was made in the same way as B1 except 
for reduction in the sensitivity of the galvanometer. 

In series C and D the exploring electrode was paired with an electrode 
placed over the spine of the right scapula. Cl represents the potential 
variations of the Cs chest position. C2 represents the potential variations 
of the left arm. C3 (recorded simultaneous^' vith C2) was made in the 
same way as Cl (with the exploring electrode on the Cs chest position) 
except that the sensitivit 3 ’^ of the galvanometer was reduced. Dl represents 
the potential variations of the Ci chest position in a patient with left 
bundle branch block. D2 represents the potential variations of the right 
arm. D3 recorded simultaneous^’ with D2 was made in the same way as 
Dl except that the sensitivitj’ of the galvanometer was reduced. The 
second beat in D2 and D3 is a ventricular extrasj'stole. These illustra- 
tions are presented to show the resemblance between the Ci and right ami 
patterns and the Cs and left ami patterns of ventricular potential varia- 
tions, when the differences due to decrement as distance from the heart 
increases are neutralized bj' appropriate adjustment in the sensitirity of the 
galvanometer. 

Series E represents electrocardiograms made b}’ the method of balanced 
potentials "n-ith the e-xploring electrode on various positions of the right 
upper part of the bod}’. El represents the potentid variations of the Ci 
position. E6 was obtained v’ith the exploring electrode on the right ante- 
rior axillary fold. E2-5 were obtained from positions 1 to 1| inches 
further from the Ci position respective!}’ along the line between the Ci posi- 
tion and the right anterior axillai}’ fold. E7 represents the potential varia- 
tions of the right ami and ES those of the tip of the right shoulder, E9 and 
ElO were made with the exploring electrode in positions along the line 
between the tip of the right shoulder and the spine of the right scapula. 
In Ell the exploring electrode was over the spine of the right scapula and 
in E12 it was placed below that position. This series of tracings illustrates 
the similarit}’ of ventricular potential variations over a large part of the 
right thorax, shoulder and arm. Decrement as distance from the heart 
increases is demonstrated. 

Series F represents electrocardiograms made by the method of balanced 
potentials in a patient with left ventricular lOTertrophy, the e.xploring 
electrode hai-ing been placed on various positions of the left upper part of 
the body. FI was made along a line between a surface point just outside 
the cardiac apex and the tip of the left shoulder, the e.xploring electrode 
hai’ing been placed at a level !§ inches above the cardiac apex. The tracing 
made from a position just outside the apex was practically identical with 
FI, there being no appreciable decrement. F4 represents the potential 
variations of the left anterior axillan- fold and F2 and F3 those of inter- 
mediate positions between Fl and F4. Fo represents the potential varia- 
tions of the left arm and FG those of the tip of the left shoulder. F9 repre- 
sents the potential variations over the spine of the left scapula; F7 and FS 
those of intemiediate positions between the tip of the left shoulder and the 
spine of the left scapula. This series illustrates the similarit}’ of ventricular 
potential variations over a large part of the left side of the thorax, shoulder 
and arm. Decrement as distance from the heart increases is demonstrated. 
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Series G (same patient as in series E) made by the method of balanced 
potentials with the exploring electrode on various positions below the 
umbilicus. In Gl the exploring electrode was on the left leg, in G2, on the 
right flank, in G8 below the Ci position, in G4 below the C3 position, in G5 
l^elow the C5 position, in G6 on the left flank, in G7 on the left lower back 
and in G8 on the right lower back. 

This series is marked by uniformity of the patterns with only veiy slight 
decrement as distance from the heart increases. 

Series H (same patient as series E) made by the method of balanced 
potentials. HI was made with the exploring electrode on the right side 
of the back at the level of the diaphragm. Note the similarity of pattern 
to the G series. H2 and HS were made along a vertical line erected from 
the HI position, at 2-inch intervals. Note the rapid decrement above the 
diaphragm. Continuance of exploration upward (not shown here) reveals 
change to the pattern shovm in E12, i. e., from the diaphragmatic to the 
Cl pattern. 

Series J (same patient as in series E) made by the method of balanced 
potentials. J1 was made with the exploring electrode on the left side of 
the back at the level of the diaphragm. Note the similarity of pattern to 
the G series and that oi Hi. J2 and JS were made at 2-inch inteiwals along 
the vertical line erected from the J1 position. Note the rapid decrement 
above the diaphragm. This demonstration can be made because potential 
variation at the Cs position was slight and there was consequentty insignifi- 
cant potential variation of the Cs type on the left side of the back. 

The K series (made by pairing the exploring electrode with one placed 
over the spine of the right scapula) is designed to illustrate the abrupt change 
in pattern of potential variation on the left side of the back at about the 
level of the diaphragm due to the distribution of both the diaphragmatic 
and extra-apical patterns of potential into this area. In Kl the exploring 
electrode was placed on the left leg. In K2 it was placed on the left side 
of the back 4 inches below the level of the attachment of the left diaphragm. 
KS was made from a position li inches higher, K4 from a position just 
below the diaphragm, K5 from a position just aboAm the diaphragm, and 
K6 Avith the e.xploring electrode on the Cs position. As the exploring elec- 
trode is moved upAA^ard the increasing influence of the extra-apical pattern 
is readilj-^ discerned. 

(Camera speed in the F and K series A\'as 41 mm. per second. In all 
others it Avas 75 mm. per second.) 

Figure 3. In the A series the exploring electrode (Avhose location on 
the chest at various C positions is designated) Avas paired AA’ith an electrode 
on the right scapula. The QES complex begins at approximately the same 
instant in all tracings. The upAA-ard deflection increases in amplitude AA'ith 
each change in position toAA'ard the left as far as the C 4 position. Frequentty 
in the case of normal hearts it continues to increase to the Cs position. 
At positions C4, Cs and Cs an initial small doAATiAvard deflection is often 
present as in this case and is nonnal Avith this method of pairing or Avhen 
the method of balanced potentials is used. \Mien the initial doAAuiAvard 
deflection is present there is delaj' in the onset of the upAvard deflection. 
The major deflections at C 5 and Cc positions become progressive!}' smaller 
than those obtained from the C4 position in this case, because the heart 
Avas rather small so that decrement begins to manifest itself as distance from 
the heart increases. 

In the B series, B1 is the CR4 lead obtained from a patient AA'ith old myo- 
cardial infarction and B5 is the CRj lead. B2, BS and B4 are tracing.-: 
obtained from three intennediate positions successively farther to the left. 
Note the gradual transition from the CRj to the CRs pattern. 

The D series is made by pairing the c.xploring electrode AA'ith one on the 
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right scapula as in the A series. The smaO upward and deep doraward 
deflections noted at the Cj, Cj and Cs positions are completely lost at 
and replaced by a small rounded upward deflection. The notching is caused 
by a second pair of upward and downward deflections whose time incidence 
falls considerably later. These latter waves become much more prominent 
at the Cs and Cs positions. 

Figure 4. The tracings were all obtained from a patient vith an 
intraventricular conduction defect. 

In the A series the exploring chest electrode was paired with an electrode 
on the right scapula. In each instance the position of the e.xploring chest 
electrode is indicated bj' the appropriate C designation. The comple.x 
begins at approximately the same instant in each position. In the tracing 
made at the C 4 position there is definite notching. The first pair of upward 
and doumward deflections corresponds in time to those found at the Ci, 
C 2 and Cs positions. The second pair is represented at positions further 
to the right on the chest as slight slurring on the upstroke of the terminal 
major upward deflection. In positions further to the left, however, this 
second pair of deflections becomes larger. (Film speed 75 mm. per second.) 

The B series was obtained b 3 ’^ pairing electrodes on the abdomen, the left 
arm electrode being placed on a vertical line below a C position and the 
right arm electrode placed on a continuation of this vertical line just below 
the umbilicus. In Bl the vertical line was e.xtended from the Ci position, 
in B3 from the C 2 position, etc. Note the similarity of ventricular patterns, 
except for size of deflections, in Bl, B2, BS and B6 to those obtained when 
the exploring electrode was on the Ci, C., C 3 and C 5 chest positions respec- 
tive!}'. The BS, B 4 , Bo and B6 patterns show eiddence of being influenced 
not only b}' the C pattern directly above each but by adjacent C patterns 
as well. These effects are seen most clearly in BS which shows the notch 
found in the QRS complex of the €< tracing, and in BS which shows some 
of the early downward deflection found in the QBS complex of the Cs 
tracing. (Film speed 41 mm. per second.) 

The I) series was made by pairing an exploring electrode on the upper 
abdomen with an electrode on the right scapula. In each instance the 
D position was directly below the corresponding C chest position and just 
below the costal margin. The similarity of pattern in each instance to 
that of the C position just above is obxnous. 

In the E series the exploring electrode was placed 2 inches below the 
(■■)!■■ ! ■■■;) ):idi!i;: D position. Decrement is quite obmous although in Eo 
iui'i /.'V cou-ivic;-.-!!!'' change in pattern occurs so that there is no longer 
any resemblance to the Cs and Ce patterns. (Film speed 41 mm. per second.) 

Figure 6 . All tracings made on one dog. (Film speed 75 mm. per 
second.) The exploring electrode in each instance was paired with an 
electrode inserted into the subcutaneous tissues of the right foreleg. The 
polaritj' is such that an upward deflection represents relative positmt}' of 
the e.xploring electrode. 

In the A series the positions of the exploring electrode were as follows: 
A1 subcutaneous tissue of right leg, A2 left leg, AS lower abdomen, A4 upper 
abdomen, Ao high as possible in the subcostal angle, AS within lower part 
of the abdominal caAot}', A7 within upper part of the abdominal cavity, 
AS within abdominal camtj' high as possible in subcostal angle. Note the 
similarity in pattern of all these tracings and the fact that those obtained 
from the subcostal angle and from within the upper abdomen show larger 
deflections than those obtained when the e.xploring electrode was farther 
from the heart. , 

In the B series the abdomen was open and the exploring electrode placw 
on the undersurface of the diaphragm. In Bl it was placed on the right 
lateral margin, in B2 , 1 inch toward the midline, in BS just to the right of the 



DISTRIBUTION OF PATTERNS OF VENTRICULAR POTENTIAL 487 

midline, in directly under the heart, in B5 just to the left of the heart, 
in B6 1 inch from the left lateral margin, in B7 on the left lateral margin. 
Note the similarity of patterns in Bl, B2, B6 and B7 to the A series (except 
for absence of the small initial downward deflection in positions on the right 
side of the diaphragm), the differences in T waves in positions near the heart 
and the increase in size of QRS deflections as the heart is approached. 

In the C series the exploring electrode was punctured through the dome 
of the left diaphragm. In Cl it was placed just above the diaphragm and 
in C^, CS, CJf. and C5 it was moved successively 1 cm. higher into the lung 
substance. Note the general resemblance of the QRS complex in Cl and 
C2 to those of J55, B6 and B7. The T waves in Cl and C2 are not very 
different from those of B6 and B7 although the pattern changes as the 
electrode is inserted further into the lung substance. 

In the D series, the exploring electrode was punctured through the dome 
of the right diaphragm. In D1 the electrode was placed just above the 
diaphragm and in D2, DS and D 4 . it was moved successively 1 cm. higher 
into the lung substance. The QRS complex in D 1 is very similar to that 
of Bl, B2 and BS (except for absence of the small terminal upward deflec- 
tion in Dl), although the T wave is comparatively greater in amplitude. 
Note the changes in pattern as the electrode is inserted higher into the lung 
substance. 

Figure 7, All tracings made on the same dog as in Figure 5. (Film 
speed, polarity and position of the electrode paired with the exploring 
electrode are all the same as in Figure 5.) 

In the A series all tracings were made with the exploring electrode placed 
along a horizontal line on the thorax at the level of the heart. In A I the 
exploring electrode was placed far to the right of the precordium at the ri^ht 
posterior axillary line. The anterior midline was approached in successive 
steps in AS, AS and A4- AS was made with the exploring electrode on the 
midline and A6 directly over the body of the heart. A7, A8 and A9 posi- 
tions were successively further to the left, the last being along the left 
posterior axillarj'- line. Note the close simOarity of pattern in positions 
AS to A7 inclusive and the fact that the more nearly the exploring electrode 
was placed to the heart, the larger the deflections. The dog seems to differ 
from the human in that normally it does not tend to show a constantly 
changing pattern of potential variations in the precordial region, although 
decrement is conspicuous as distance from the heart increases. 

In the B series tlie exploring electrode was punctured through the chest 
wall at positions corresponding to those of the A series. There is marked 
similaritj’’ in the QRS complex in each B tracing to the QRS complex of the 
overljdng A position, except that in the case of positions comparatively near 
the heart {BS to B7 inclusive) the deflections obtained just inside the chest 
wall are considerably larger than those obtained just outside. The reasons 
for the differences in T waves in A2 and BS and AS and BS positions are 
not clear. 

The C series. In Cl the exploring electrode was inserted into the sub- 
cutaneous tissue of the right lateral wall of the chest slightl}'- anterior to 
the position in AS. In CS the electrode wms punctured into the right lung 
in the direction of the heart for a distance of approximately 2 cm. In CS, 
C 4 , Co and C6 the electrode was moved successively 1 cm. in the direction 
of the heart. Note the gradual change in pattern and increase in size of 
deflections as the heart is approached. 

The D series. In Dl the exploring electrode was inserted into the sub- 
cutaneous tissue of the left postero-lateral wall of the chest, slightly poste- 
rior to the iiosition in BS. In D2, DS, D4, Do and D6 the electrode was 
punctured through the chest wall into the left lung and moved successively 
nearer the heart as in the C series. Note the changes in pattern and increase 
in size of deflections as the heart is approached. 
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Sununary. 1 . Patterns of potential variation found in regions 
not more than 2 or 3 inches from some part of the external surface 
of the heart differ from each other appreciabl^' at positions no more 
than 1 cm. from one another. Furthermore, in these regions the 
magnitude of potential variations decreases rapidly as distance from 
the heart increases. 

2 . The pattern of potential variation found at the Ci position can 
be demonstrated in various directions on the body surface to the 
right of the Ci position with decrement as distance from the heart 
increases. On an area as far from the heart as that overlying the 
spine of the right scapula, decrement is so great that the potential 
variations are usuallj’ of negligible magnitude, ^^dien an electrode 
placed on this area is paired with an exploring electrode, the results 
are usuall}' not significantlj- different from those obtained by tlie 
use of the method of balanced potentials. 

3. The pattern of potential variation found on the surface of the 
chest slightl}'^ to the left of the cardiac apex (somewhere between the 
C 4 and Ce positions, depending on the relation of the apex to the 
chest wall) can be demonstrated in various directions on the surface 
to the left of that position, with decrement as distance from the heart 
increases. 

4. Not only do we know that the Ci and extra-apical patterns 
are distributed on the surface of the anterior abdominal wall with 
very rapid decrement as distance from the heart increases, but evi- 
dence is here reported that the patterns found on tlie precordium 
between these two positions are also distributed on the anterior 
abdominal wall with rapid decrement as distance from the heart 
increases. 

5. Aside from the precordial patterns mentioned abo^•e, the only 
other that we have found distributed on the body surface is one 
which we have called "the diaphragmatic pattern." The distribu- 
tion of this pattern above the diaphragm with rapid decrement as 
distance upward increases can be demonstrated on the back. It maj’ 
also be distributed abo^•e the diaphragm anteriorly but we have not 
been able to demonstrate it here, probably because of the magni- 
tude of the precordial potentials in such regions. It seems to be 
distributed everywhere below the diaphragm with but little decre- 
ment on the body surface as distance from the heart increases. 
It can also be demonstrated in the lower part of the esophagus and 
the stomach, although in these areas the potential variations are 
greater in magnitude than on the surface. 

6 . Studies on experimental animals indicate that the diaphrag- 
matic pattern of potential can be found ever\m’here below the dia- 
phragm and on all parts of the under and upper surfaces of the 
diaphragm except in areas very near the iieart. Decrement on the 
diaphragm and within the upper part of the abdomen as distance 
from the heart increases is demonstrable. 
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7. The distribution of the various potential patterns which seem 
to be directed to certain areas and partially insulated from other 
areas must depend on the special electrical characteristics and 
anatomic structure of the various tissues by which contact with the 
heart is maintained and through Avhich electrical pathways to the 
body surfaces function. 

8. If, as our studies seem to indicate, the patterns of potential 
variation found on limbs are each derived mainly from separate 
parts of the heart, and are subject to modification depending on 
the electrical and anatomic characteristics of the tissues which form 
the electrical pathways between the epicardium and the extremities, 
limb leads do not merit the scientific standing that they ha^'e been 
supposed to possess, and there seems to be little reason to continue 
making them. 

Conclusion. Much of the confusion which now exists in clinical 
electrocardiography could be eliminated if in all leads one of the 
paired electrodes were attached to an area of relatively slight poten- 
tial variation such as the right scapular region. Under such cir- 
cumstances an electrocardiogram may be obtained which presents a 
relatively undistorted record of the potential variations of the explor- 
ing electrode. From data now available it is possible to say that 
the exploring electrode should be placed on a number of chest posi- 
tions such as Cl to Cg inclusive, if one wishes to acquaint himself 
with the chief features of the various patterns which may be formed 
on the surface of the chest, including the two widely distributed 
to the upper parts of the trunk and arms. In order to obtain infor- 
mation regarding the pattern widely distributed below the dia- 
phragm, it is necessary to place the exploring electrode on some 
position at least a few inches below the parietal attachments of the 
diaphragm. The best position or set of positions for this purpose 
has not as yet been determined. 
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TREATMENT OF LEG ULCERS WITH BLOOD AND 
CONCENTRATED PLASMA 

By Meyer Xaide, IM.D. 

INSTIlUCTOIl IK MEDICIKE, UKlVEnsITV OF PF.KKSyi,VAKlA 
rnii.ADEi.rtnA, pa. 

(From the Peripheral Vnseular Section of the Edward B. Robinette Found.'ition, 
Hospital of the University of Pennsylvania) 

Leg ulcers in patients with peripheral vascular disease arc notori- 
ously difficult to heal, and in some cases incurable. iMany methods 
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by fanning or more slowly clotted without the use of a fan. Although the 
plasma contains sodium citrate this does not prevent it from clotting on the 
surfece of an ulcer. The sterile ampoule vial of concentrated plasma can 
then be eft in a refrigerator and used as needed. 




B 

— Iscbctnic ulcer m a patient with diabetes mcllitus Duration of ulcer 
>2 months. A, Before treatment: B, S weeks later Completely healed after 
*' applications of patient’s blood 
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Results. Fifteen patients with leg ulcers have been treated with 
the local application of blood by the methods described abo^•e. 
Ten of the ulcers were on an ischemic basis, caused by arteriosclerosis 
and thromboangiitis obliterans; 5 were varicose ulcers. The dura- 
tion of the ulcers was from 1 month to 34 years. All of them had 
been treated by various methods without healing or improving. 
The ulcers varied in size from 1 to 7 cm. in diameter. Nine of the 
10 patients with ischemic idcers had extreme grades of arterial 
occlusi\-e disease, ha\'ing either popliteal or femoral thrombosis with 
little or no capacity for vasodilatation. One to 20 applications were 
required to heal the ulcers. 

Five of the ischemic ulcers were healed with blood; 1 is almost 
completely closed and 4 failed to heal. 

Four of the 5 ’^■aricose ulcers were healed. The fifth \"aricose 
ulcer is almost healed. 

Eight of the 9 ulcers which healed ha\’e remained healed for 1 to 
18 months. One ulcer broke down after having been healed for 
4 months. 

The crust tliat formed on a healed ulcer gradually fell off after 
epithelization had taken place under it. Pain was a prominent 
symptom in all these patients and its rapid relief by 1 or 2 applica- 
tions of blood was a striking feature of the treatment. Even those 
ulcers which could not be healed were painless or less painful during 
the course of therapy. All the patients were eager to return for 
further applications of blood until the ulcer healed or until we 
decided that the ulcer could not be healed by tin’s method. 

Another result of the treatment was the rapid reduction of the 
inflammatory reaction in the skin surrounding the varicose ulcers. 
An angry, purplish looking skin would begin to look more healthy 
following the first or second application of blood. The ulcers them- 
selves rapidly became red, normal granulating tissue replacing 
graydsh, sloughing surfaces. Three patients on whom we applied 
concentrated plasma had received previous treatment with whole 
blood. These patients improved more rapidly with the plasma than 
with the whole blood. 

We have found the method to be harmless. Accumulation of pus 
occurred under a crust in 2 patients. This was readily drained by 
lifting off the crust after softening it with petrolatum for 24 hours. 
The presence of pus under a crust should be susjjccted if pain is not 
relieved. 

A blood Wassermann test was done in 10 j)atients and found to 
be negative. Concentrated plasma instead of the patient's blood 
can be used in those witii a positive blood ttassermann. 

Discussion. Although we were able with blood to reiic\'e pain 
quickly, reduce the inflammatory reaction and heal 9 of 15 chronic- 
ulcers that had resisted previous methods of treatment, the incchnTi- 
ism of action is unknown. We know of no way of telling whether the 
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ulcers heal because required elements of nutrition are being supplied 
or because the ulcers are sealed mechanically, which permits healing 
to take place under the crust. The rapid relief of pain, with blood, 
which did not occur when other local treatment was used, suggests 
that the blood functioned as more than a mere mechanical seal. 
An interesting observation w^as made when concentrated plasma 
was used. Within 5 minutes after the plasma is applied the surface 
of the ulcer can be seen to change from a dull grayish pink to a 
bright red color, indicative of increased blood flow, at least tempo- 
rarily. Perhaps the concentrated plasma with a high osmotic pres- 
sure causes capillary dilatation and increased blood flow at the 
surface of the ulcer. 

Various substances such as dyes and tannic acid have been used 
to produce a crust or eschar on lesions, chiefly on burns. Blood 
and plasma have never been used for local medication as far as 
I know. This method may prove of value in the delayed healing 
of other wounds in which impoverished nutrition may play a part. 

Summary. A simple method has been described for the treat- 
ment of ischemic and A’^aricose leg ulcers with the patient’s own 
blood and with concentrated plasma. Nine of 15 ulcers, refractory 
to other treatment, were healed, 2 were improved and 4 failed to 
heal. This treatment results in rapid relief of pain and subsidence 
of the local inflammatory reaction. 


A STUDY OF THE SPLENIC VENOUS BLOOD 

With Particular Reference to the Hematocrit Percentage 
AND the Hemoglobin Concentration of the Erythro- 
cytes, Before and After Splenic Arterial Injection of 
Adrenalin* 

By Cecil James Watson, i\I.D., Ph.D. 

PROrKSSOR OF MEDIClXn, UNIVERSITY OF MINNESOTA HOSPITAL 

AND 

John Randolph Paine, AI.D., Ph.D. 

.\f5SOCIATE PROFE.«SOn OK SUnOERY, UNIVERSITY OK MINNESOTA HOSPITAI, 

.MINNBAPOEIS, MINN. 

(From the Dep.'irtmcnts of Medicine and Surgerj’, University of Minnesota Hospital) 

Our interest in the blood of the splenic vein was aroused after 
we had repeatedly observed the effect of subcutaneous adrenalin in 
producing outspoken increases in the number of circulating erythro- 
cytes.-" These increases were u.sually associated with an obvious 
shrinking of the enlarged spleen, hlany similar observations are 
recorded in the literature but relatively little has l)een written 

* Presented Iiefore tlie .\ssoeiation of .American P]iy.-;ieians, Atlantic City. N. .f.. 
May 0. 1012. Aided l>y a grant from tlie Cliarles P. DoLaittre Rese.-ireli Fund. 
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about the red blood cells coming from the spleen under these con- 
ditions. A complete review of the subject of splenic arteriovenous 
differences up to 1933 may be found in Lauda’s excellent monograph 
on the physiology of tlie spleen.^- The evidence collected bj' Lauda 
indicated that splenic contraction was an important factor in the 
transient erjdhrocjdosis produced by adrenalin. The collected 
evidence also indicated that the erythrocjdes in the splenic vein 
are less resistant to hypotonic saline than those in the artery, 
although Lauda himself was unable to obtain decisive data on this 
point. Subsequent studies by Heilmeyeri® and by Bergenheim and 
Fahreus® support the belief that the splenic i^ein erj^rocytes are 
more spheroidal. 

Our primary purpose in the present study was to determine the 
concentration of erythrocytes in the splenic vein before and after 
administration of adrenalin; since if the marked increases in cir- 
culating erythrocytes were due to contraction of the spleen and 
emptying of the splenic reservoir, then it was to be expected that 
the splenic vein blood would exliibit outspoken increases in hemato- 
crit percentage and erj'throcyte count. 

Method. Studies have been carried out at the time of splenectomy in 
9 cases. In each instance oxalated samples of blood were obtained from 
the splenic artery and vein, after which 4 to 6 minims of a 1 : 1000 adrenalin 
solution were injected into the splenic artery. INvo to 6 minutes later 
samples of blood were again obtained, in each instance from the splenic 
vein, and in some instances from the artery as well. Insofar as possible, 
these samples were taken at the time of ma,\imum splenic contraction, 
whenever this was observed. It may be noted that splenic contraction was 
often marked, especially in the larger spleens, while it was negligible in 
the cases of thrombocytopenic purpura. The contraction was at times of 
sufficient magnitude to enhance the delivery' of a large spleen through the 
wound. 

It is quite possible that more information might have been gained had 
it been feasible to obtain fractional blood samples from the splenic vein 
from the time of injection of adrenalin until well after its effect had passed. 
Cruikshank,* for e.vample, has reported that after section of the nerves to 
the cat’s spleen, the first cubic centimeter of blood obtained from the splenic 
vein shoAved no change in red cell concentration while the 2d, 3d, and 
4th cc., obtained individually, were increasmgl}' concentrated, the 3d and 
4th cc. exhibiting increases of 50% to 100 % over the first. Although we 
have not obtained fractional samples in the present studies, we believe that 
much of the data obtained and shoAra in the accompanying tables are m 
decisive significance. The expected increase in hematocrit percentage and 
erythrocyte count in the splenic vein after adrenalin was noted in the 
majority of cases. Unexpectedly', the hemoglobin concentration of the 
red cells of these samples aa’es commonly reduced, in some instances to a 
marked degree. (See Tables 1 to 9.) 

In each instance the hemoglobin content of the blood samples was deter- 
mined by' means of the BA'elyn photoelectric colorimeter.® The hematocnt 
percentage (corrected for the oxalate), the mean corpuscular volume, the 
mean corpuscular hemoglobin, and the mean corpu.scular hemoglobin con- 
centration AA-ere determined by Wintrobe’s method.®' Resistance to hypo- 
tonic saline was determined by Meulengracht’s method.'* 
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Results 


Table 1. — Cabe 1. Familial Hemolytic Jaundice, W. G., cf, 44. 



Hgb. in . 
gm. per 

Hem- 

atocrit 

RBC in 
mill.per 

MCV 

in 

MCH 

in 

MCC 

in 

Fragility 

Source of blood 

100 CO. 

% 

o.mm. 

CU.fl 

m/ig. 

% 

Hi 

Hs 

Splenic vein 

12.0 

36.4 

3.80 

95.8 

31.6 

33.9 

0.68 

0.50 

Splenic artery . 
Splenic vein 

12.2 

37.9 

3.92 

97.0 

31.2 

32 2 

0.66 

0 48 

after adrenalin 
Splenic artery 

14.0 

53.1 

5.46 

97.5 

25.8 

26.5 

0.70 

0 62 

after adrenalin 

12.9 

36.1 

3.97 

91.0 

32.5 

35.7 

0 68 

0 52 


Spleen weight 1830 gm. 

Microscopic: Marked pulp congestion with narrow sinuses. 


Table 2. — Case 2. Familial Hemolytic Jaundice, A. S., cf , 41. 



Hgb. in 
gm. per 

Hem- 

atocrit 

RBC in 
mill.per 

MCV 

in 

MCH 

in 

MCC 

in 

Fragility 

Source of blood 

100 cc. 

% c.mm. 

cu.^ 

m/ig. 

% 

H. 

Hr 

Splenic vein 
Splenic artery _ . 
Splenic vein 

15.0 

15 2 

41.01* 4.26 
49.96* 5.00 

96.2 

99.5 

35.0 

30.4 

36.6 

30.6 

0.62 

0 46 

after adrenalin 
Splenic artery 

17.5 

61.20 

6.40 

95.5 

27.3 

28.6 

0.68 

0 54 

after adrenalin 

15.8 

40.60 

4.20 

96.7 

37.6 

38.9 

0.66 

0 48 


Spleen weight 675 gm. 

Microscopic: Marked pulp congestion; sinuses prominent and open. 

* This isolated discrepancy is unexplained except as an inadvertent exchange of 
the data for vein and artery, in which event the hematocrit percentage of 49.96 
would be readily explained as due to a spontaneous partial emptying of the splenic 
reservoir.^'’ 


Table 3.— Case 3. Familial Hemolytic Jaundice, J. B., 9 , 10. 



Hgb. in 

Hem- 

RBC in 

MCV 

MCH 

MCC 

Source of blood 

gm. per 

atocrit 

mill.per 

in 

in 

in 

100 cc. 

% 

c.mm. 

CU./i 

mag. 

% 

Splenic artery . 

. 13.65 

39.3 

4.33 

91.0 

32.0 

35.3 

Splenic vein 

. 14 50 

40.6 

5.01 

81 0 

29 0 

35 7 

Splenic vein 
after adrenalin 

! 14.80 

46.1 

5.43 

85.0 

27.2 

32 1 


Spleen weight 240 gm. 

Microscopic: Marked pulp congestion; sinuses mostly compressed; quite 
a few open and empty. 


Table 4. — Case 4. Acquired Hemolitic Anemia, O. H., 9 , 55 


Hgb. in 
cm. per 

Hem- 

atocrit 

RBC in 
mill.per 

MCV 

in 

MCH 

in 

MCC 

in 

Fragility 

bource of blood 

100 cc. 

% 

c.mm. 

CU.g 

ragg. 

% 

H, 

H, 

splenic vein 

12.8 

43.2 

4.50 

96.0 

28.5 

29 6 

0 52 

0.40 

Splenic nrters' . 

13 0 

40.2 

4 10 

98 1 

31.7 

32 4 

0 50 

0 40 

Splenic vein 

after adrenalin 

15 0 

69.3 

7 20 

96.3 

20.8 

21.6 

0 54 

0 44 

Splenic arterj’ 

after adrenalin 

13.8 

45 4 

4.95 

91 7 

27.9 

30.4 

0 52 

0 40 


Spleen weight 420 gm. 

Microscopic: Little or no congestion. Sinuses prominent, containing moderate 
numbers of erythrocytes, and in many areas large numbers of round cells 
having the appearance of desquamated sinus endothelial cells. The walls of 
the sinuses in these areas are denuded. No myeloid metaplasia. Marked 
hemosiderosis. 
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Table 5.— Case 5. Cibrhosis axd Coxgeswe Splekomegaly, 1. A., 9 , 50. 


Source of biood 

Hgb. in 
gm. per 

Hem- 

atocrit 

RBC in 
mill.per 

MCV 

in 

MCH 

in 

MCC 

in. 

Fragility 

100 cc. 

% 

c.mm. 

cu.n 

mpg. 

% 

Hi 

H: 

Splenic A-ein 

11.1 

33.10 

3 61 

91.7 

30. S 

• 33.5 

0 46 

0 3S 

Splenic artery . 
Splenic A-ein 

11 0 

33.30 

3 60 

92.5 

30.6 

33 1 

0 46 

0.36 

after adrenalin 
Splenic artery 

13 2 

59 79 

6 10 

9S 0 

21 7 

22 1 

0 50 

0.40 

after adrenalin 

11 5 

3S GO 

•1 00 

96 5 

2S S 

29 S 

0.46 

0.3S 


Spleen n-eight SC5 gm. 

Microscopic: No evident congestion. Sinuses open and prominent. Diffuse 
reticular iCTerplasia and early fibrosis. 


Table 6. — Case G. Chronic Mteloip Leukemia avith Associ.ated Mild 
Hemolytic Ane.mia, E. Y., 9 , 55. 



Hgb. in 

Hem- 

RBC in 

MCV 

MCH 

MCC 

Fragility 

Source of blood 

gm. per 
100 cc. 

atocrit 

% 

indl.per 

c.mm. 

in 

CU.M 

in 

mpg. 

in 

% 

H, 


Splenic A-ein 

13 2 

42 33 

4 10 

103 

29 7 

2S S 

0 46 

0 3S 

Splenic artery . 

12 3 

42 3S 

4 IS 

101 

29 4 

29 0 

0 46 

0 36 

Splenic A-ein 
after adrenalin 

14 S 

65 32 

6 SI 

96 

21 7 

22 7 

0 4S 

0 40 

Splenic artery- 
after adrenalin 

12 5 

41 39 

4 02 

103 

31 1 

30 2 

0 46 

0 3S 


Spleen weight 1390 gm. 

Microscopic: Diffuse myeloid metaplasia with numerous megakaryocytes. 
Considerable pulp congestion. Sinuses compressed. 


T.able 7 

.—Case 

7. Thrombocytopenic 

Purpura, 

M. D., 

9, 24. 


Hgb. in 

Hom- 

RBC in 

MCV 

MCH 

MCC 

FrAagiiity 


gra. per 

atocrit 

mill.per 

in 

in 

in 

.A———— 

Source of blood 

100 CC. 

% 

c.ram. 

CU.p 

nifig. 

% 

Hi Hs 

Splenic A-ein 

13 9 

43 6 

4 20 

103 S 

33 1 

32 1 

0 46 0 40 

Splenic artery 

13 6 

37 0 

4.06 

91 1 

31 0 

36 6 

0 44 0 34 

Splenic A-ein 
after adrenalin 

13 5 

43 6 

4 45 

9S 0 

30 3 

31 I 

0 4S 0 40 

Splenic artery- 
after adrenalin 

13 5 

41 4 

4.10 

101 0 

33 0 

32.6 

0 46 0 40 


Spleen Aveight 235 gm. 
^Iic^oscopic: Normal. 


T.able S. — Case S. Thrombocytopenic Purpura, E. R., 9, M- 



Hgb. in 

Hem- 

RBC in 

MCV 

MCH 

MCC 


gm. per 

atocrit 

mill.per 

in 

in 

ill 

Source of blood 

100 cc. 

% 

c.mm. 

CU.Jl 

mjig. 


Splenic A'ein 

. 12.15 

37 0 

4 31 

S5 S 

2S 2 

32 S 

Splenic artery . 

. 13.15 

39 0 

4 34 

90 0 

30 3 

33 f 

Splenic A-ein 
after adrenalin 

10 G7 

3S 0 

3 S4 

100 0 

27 7 

2aS 0 


Spleen Aseiglit 152 gin. 
Microscopic: Norma!. 


The data shown in the tables reveal: (1) the marked increase in 
concentration of red blood ceils in the splenic vein blood after injec- 
tion of adrenalin into the splenic artery in the majority of cases 
studied; (2) the reduced hemoglobin concentration of the rctl cells 
(MCC) under these circumstances. There is little doubt that the 
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liemoconcentration noted in the splenic vein blood after adrenalin 
is due to contraction of the spleen and at least partial emptying 
of the splenic reservoir. The conclusion is inescapable that the 
necessary preliminary to this phenomenon is a partial separation 
within the spleen of red cells and plasma, quite in accord with the 
observations of Knisely’^ and Fahreus.® Whetlier the circulation 
is closed® or open^® would appear to be entirely immaterial insofar 
as a partial separation of red cells and plasma is concerned. 


Table 9.— Case 9. Chuonic Neutropenia with Splenomegalv; AA^’iseman- 
Doan Syndrome, u.22 q_ ^ 52 . 


Source of blood 

Hgb. in 
gm. per 
100 cc. 

Hem- 

atocrit 

% 

RBC in 
mill, pet 
c.mm. 

AVBC 

MCH 

in 

m;ig. 

iMCC 

m 

% 

iVICV 

ill 

CH.H 

Peripheral venous 
blood 4 hours 

preoperatively 

10 5 

34 6 

3 75 

1,200 

2S 0 

30 40 

108 7 

Splenic artery 

12 0 

39 2 

3 65 

2,600 

32 9 

30 60 

93 1 

Splenic vein 

12 S 

40 0 

4 15 

2,900 

30 8 

32 00 

103 7 

Splenic vein after 

adrenalin . 

14 0 

43 3 

4 S3 

20,400 

29 0 

32 15 

111 5 


Spleen weight 1100 gm. 

Microscopic: Touch preparations from the fresh spleen revealed occasional 
macrophages containing neutrophiles. These were found in larger number 
in smears of the splenic vein blood, but not in those from the artery. Phago- 
cytosis was not observed in the stained sections of the spleen fixed by in- 
jection of Belly’s solution. The histologic structure was relati^-ely normal. 
Moderate congestion of some of the sinuses was observed. 

So far as can be determined, the present obserA’ations of the 
marked increase in hematocrit percentage in the splenic A^ein blood 
after adrenalin are the first to be recorded for man. Lauda and 
Haam^^ noted an entirely similar liemoconcentration in the splenic 
vein blood of dogs after administration of adrenalin. Cruikshank’s 
observations on the cat’s spleen haAm already been referred to.® It 
may be noted further that MacKenzie and his associates’® have 
recently described the rapid effect of adrenalin in emptying the pulp 
of the living cat’s spleen of its erj'throcytes. 

The cause of the aboAm noted reduction in hemoglobin concentra- 
tion of the red cells cannot be stated Avith certainty. It is thought 
probable that an actual loss of hemoglobin from intact red blood 
cells has occurred during tlie period of their sequestration in the 
spleen. The question arose as to whether the reduced hemoglobin 
concentration of the cells might be only apparent, due perhaps to 
fragmentation of er.Athrocytes such as described by Rous and 
Robertson’® a number of years ago. Two points argue against this 
explanation. One is that the presence of fragments A\-as not promi- 
nent nor did they appear to haA-e increased after adrenalin as com- 
pared AA'ith before. In order to account for the marked loAvering 
m hemoglobin concentration, it is believed that fragmentation 
should really haA-e increased quite obviously. The second point 
IS that the mean corpuscular volume did not vary significantly. 
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A marked increase might have been expected if fragmentation were 
important, since under these circumstances tlie erj'throc\i;e count 
would be relatively lower than the hematocrit percentage (the frag- 
ments would still contribute to the latter, but often, at least, not 
to the former). An increase in MCV ivas not obse^^'ed. Rather 
than fragmentation, it is thought that the intact or relatively intact 
er}i;hrocj'’tes suffered an actual loss of hemoglobin, v. Czike® was 
the first to observe that simple sterile incubation of red blood cells 
in vitro resulted in an appreciable degradation of hemoglobin to 
bile pigment. This observation Avas confirmed by Barkan*'- aa'Iio 
has shoAA'n that incubation of fresh sterile blood for as little as 



Cell HiVirno^Gr m mirrn 

Fio 1. — Price-Jones curves of splenic venous blood before and .after 
adrenalin in Case 3. 


6 hours results in significant increases of bilirubin and iron in the 
supernatant plasma. This phenomenon AA'as correlated by Barkan 
AA'ith the presence of “pseudohemoglobin” and “easily split ofl’ 
iron in the red blood cells. Barkan’s “pseudohemoglobin” and 
Lemberg’s “ A'erdohemoglobin ”” are probably synon.Mnous, indi- 
cating a bile pigment-iron-protein compound intermediary betAveen 
hemoglobin and bilirubin. In this compound the porphyrin ring of 
the hemoglobin molecule has opened at tlie a-methene bridge Avith 
the result tliat a biliA'erdin-like substance is formed, still in close 
association Avith iron and protein. In vitro, at least, it has been 
possible to prepare bilirubin from hemoglobin by this type of transi- 
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To wliat extent it is important in the in vivo formation 
of bilirubin has not 3’’et been established. 

In accordance with previous observations^ the present study has 
shown that the erythrocj^tes in the splenic vein are commonly some- 
what more fragile than in the splenic artery, and that this is e^^en 
more noticeable in the splenic vein blood after adrenalin. The 
increased spheroidicity correlated with this is typified in the data 
shown in Figure 1 (Case 3). Whether there is any direct relation- 
ship between this characteristic and the reduced hemoglobin con- 
centration of the red blood cells is unknown. That there may be 
such a relationship is suggested bj'- the fact that the erythrocytes 
become more spheroidal and less resistant to hypotonic saline on 
sterile incubation. 

We have not yet given sufficient attention to the hematocrit 
percentage and hemoglobin concentration of the red cells in the 
peripheral blood before and at various intervals after adrenalin. 
Judging from the present data and from previous observations of 
hemoglobin and erythrocj^te concentration (of the whole blood), it 
is likely that the reduction in hemoglobin concentration of the red 
cells as noted in the tables, could often be detected in the peripheral 
blood. Recently the following data were obtained in a case of 
aleukemic myelosis with massive splenomegaly: 


Tabi.e 10.— Pehiphebal Blood Values in a Case of Myelosis Befobe 

AND After Adrenalin 



Hgb. in 

RBC in 

Hem- 




Time 

gm. per 

mill, per 

atocrit 

MCVin 

iMCH in 

MCC in 

100 cc. 

c. mm. 

% 

cu.a 

m/jg. 

% 

6 - 11-42 

Before adrenalin 

10 30 

3 41 



30 2 


15 min. after adrenalin 

10 60 

4 13 



25 7 


30 min. after adrenalin 

11 20 

4 81 



23 3 


1 hour after adrenalin 

10 70 

4 62 



23 1 


1 \ hr. after adrenalin 

10 00 

3 72 



26 9 


25 hr. after adrenalin 

9 25 

3 04 



30 7 


6 - 17-42 







Before adrenalin . 

10 15 

3 75 

33 0 

89 8 

27 0 

30 0 

30 min. after adrenalin 

11 20 

4 65 

37 9 

81 5 

24 1 

29 5 

1 hour after adrenalin 

11 20 

4 98 

39 1 

78 5 

22 5 

28 6 

4 1 hr. after adrenalin 

10 00 

4 IS 

33 1 

79 0 

24 0 

30 2 


In this connection the results of Patek and Daland*® are of con- 
siderable interest. They were unable to establish “significant, 
sustained changes” of concentration on the basis of hemoglobin, 
erythrocyte, or hematocrit determinations. It should be noted, 
however, that they made observations at o and 15 minutes after 
adrenalin and then waited from 45 minutes to 3^ hours, usually 
2 to 3 hours, before making additional observations. In our e.xperi- 
ence the significant increase in liematocrit. hemoglobin, and red 
blood cells is often not encountered until > hour after adrenalin. 
Little or no change may be observed if the intervals are much 
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shortCT or longer than this, although in some instances the erythro- 
C 3 i;osis may be distinct as earlj^ as 15 minutes after adrenalin. In 
Patek and Daland’s studj’ of 5 cases of familial liemoljdic jaundice, 
only 1 had anemia, and it is noteworthy that this is the only one in 
which a significant post-adrenalin erythrocytosis was observed. The 
findings were as follows in this case: 

Table 11.— Peripheral Blood Values ik Patek and Daland’s Case 



Hgb. in 

RBC in 

Hem- 


Time 

gm. per 

mill, per 

atocrit 

MCC in 

100 cc. 

c.inm. 

% 

%* 

Before adrenalin , 

7.S 

3.10 

22.1 

35 3 

15 min. after adrenalin 

10 5 

3 SS 

32 S 

32 0 

3i hrs. after adrenalin . 

7 9 

3 00 

21 6 

36 5 


* Calculated by us. 

These data, together with the observations in the above case of 
aleukemic myelosis, suggest that the same red blood cells which 
enter the circulation at the height of the adrenalin effect, leave it 
again when the effect has passed. Since there is eveiy reason to 
think that the spleen is the site of destruction of the more spheroidal 
erj'throcytes, especial!}^ in hemolji;ic jaundice, in which the changes 
we are discussing are most striking, the likelihood is again supported 
that there is a direct relationship between increased spheroidoc.ytosis 
and diminished hemoglobin concentration. Further studies cor- 
relating hematocrit percentage, hemoglobin, and red blood cell 
content and osmotic resistance, before and at suitable intervals 
after injection of adrenalin, are necessarj’’ to determine this point. 

It maj" be noted tliat no correlation was observed between any 
particular histologic change in the spleen and the red cell concentra- 
tion of the splenic vein blood or the hemoglobin concentration of its 
erj’tliroc.vtes. In general, the most marked increases in hematocrit 
percentage and the most outspoken reductions of hemoglobin con- 
centration in the red cells were observed when the spleen was large 
and congested. In Tables 4 and 6, however, it is seen that there 
was no evident congestion, j’et the hematocrit percentage increased 
markedlj' while the hemoglobin concentration of the erythrocytes 
diminished. It is possible, of course, that splenic contraction might 
have been sufficient in these instances to expel most of the er.vthro- 
c.vtes which had been present before the administration of adrenalin. 
The partial denudation of the sinus endothelium in many areas of 
the spleen of Case 4 (Table 4) might be indicative of a recent strong 
contraction with rapid emptving of the sinuses. 

Summary and Conclusions. Studies of tlie splenic ^•ein blood 
obtained at the time of splenectomy for various diseases have 
shown that in many instances a marked increase in erythrocyte 
concentration occurs after injection of adrenalin into the splenic 
artery'. This increase is associated with a decrease in mean corpuscu- 
lar hemoglobin concentration, and also with an increase in fragility 
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and spheroidicity. The exact cause of this decrease in hemoglobin 
concentration is unknown. It is believed that it may be due to an 
intracorpuscular degradation of a fraction of the hemoglobin in the 
intact erythrocytes during the period of their sequestration in the 
splenic pulp and sinuses, and quite analogous to that obser^^ed by 
Barkan when sterile blood is incubated. 
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Pulmonary edema from cardiac failure de\'clops whenei'er the 
right ventricle pumps more blood into the pulmonary vessels than 
the left ventricle can pump out. Therefore, therapy is largely 
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directed towards decreeing the output of the right \'entricle. The 
venous return to the right ventricle may be decreased by quieting 
the patient with morphine, by phlebotomy and by the application 
of venous tourniquets to the extremities.' Tlie beneficial effect of 
the accumulation of blood in the extremities by venous tourniquets 
presumably results from a decreased venous return to the right 
ventricle as the result of a decrease in venous pressure. Many 
physicians ha^•e believed that in certain patients the accumulation 
of blood in the extremities by means of tourniquets is as efl’ective 
as phlebotomy in the treatment of left ventricular failure. The 
purpose of this study was to determine whether in normal subjects 
venous accumulation in the extremities produced a significant 
decrease in venous pressure. 

_ Method. Six normal jmung males served as subjects. All determina- 
tions were made rrith the subjects in the recumbent position. Tn'elve 
centimeter blood pressure cuffs were placed on the upper thighs as close 
to the trunk as possible. The cloth portion of the cuff was long enough to 
wrap around the thigh se^^eral times. Nineteen-gauge needles were inserted 
into the external jugular and antecubital veins and the resting venous 
pressure was recorded by the method of Moritz and Von Tabora® using a point 
5 cm. beneath the manubrium as the zero point. The needles were kept 
open bj'' injecting a small quantity of saline at intervals. The blood pressure 
cuffs on the thighs were then inflated to a pressure of 85 mm. Hg. During 
this time the venous pressure was recorded everj"^ 30 seconds. At the end of 
5 minutes the tourniquets were released. Venous pressure readings were 
recorded until they returned to the resting level. 

Table 1. — Effect of Venous Toubniquets on Thighs at Pressure of S5 Mji. Ho 
ON THE Venous Pressure in the External Jugular and Antecubital 
Veins op Normal Subjects, 

Siibjpct: 1. 2. 3. 4. 5. ^ 


Venous pressure (mm. of HsO). 



EkI. 

Ante- 

Ext. 

Ante- 

Ext. 

Ante- 

Ext. 

Ante- 

Ext. 

Ext 


jug. 

cub. 

jug. 

cub. 

jug. 

cub. 

jug. 

cub. 

jug* 

j«g* 

Resting 

, 100 

no 

100 

133 

105 

no 

105 

115 

so 

no 

1 min. after tourniquets 

65 

So 

so 

115 

90 

100 

SO 

100 

70 

85 

2 min. after tourniquets 

50 


GO 

no 

Vo 

100 

70 

100 

4o 

GO 

3 min. after tourniquets 

45 

Vi> 

45 

no 

70 

105 

70 

95 

46 

40 

4 min. after tourniquets 

. 40 

70 

40 

no 

65 

105 

70 

95 

2o 

50 

r> min. after tourniquets 

40 

70 

3.5 

no 

65 

100 

70 

100 

25 

i min. after release . 

95 

no 


115 

100 

105 

100 

115 



1 mm. after release . 

. 105 

120 


125 

10,i 


95 

110 

75 


2 min. after release . 

. 100 

120 


130 

105 


vs 


80 

no 


Results. In (5 normal subjects the average decrease in venous 
pressure in the external jugular vein produced by the application 
of venous tourniquets to thigiis.was 5.3 mm. of water, the extremes 
being 65 and 35 mm. of water. The venous pressure fell gradually, 
reaching a plateau after 2 to 4 minutes. After release of the tourni- 
quets, the venous pressure rose rapidl\', reacliing tlie resting level 
in from 30 to 60 seconds (Table 1). 

In 4 subjects the venous pressures in the antecubital and e.\'ternal 
jugular veins were measured simultaneously. In each instance the 
pressure in the antecubital vein was higher than that in the external 
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jugular vein. In these 4 subjects venous tourniquets produced an 
average fall in venous pressure of only 23 mm, of water in the ante- 
cubital vein, while the average decrease in the pressure in the external 
jugular vein determined at the same time was 50 mm. of water 
(Table 1). 

The application of the venous tourniquets caused little discom- 
fort. There was a slight increase in heart rate during the period 
of venous accumulation, but the arterial pressure showed little 
change. 

Discussion, The pressure in the external jugular \'ein was always 
lower than that in the antecubital vein, and the application of 
venous tourniquets always produced a greater decrease in \'^enous 
pressure in the external jugular than in the antecubital vein (Fig. 1). 
These observations are in accord with those of other investigators 
vFo have shown that the antecubital ^^enous pressure does not 
always ^^ary with the filling pressure of the heart, because the ^'eins 
of the arm form a collapsible rather than rigid system of tubes.^’® 
It has been demonstrated that no matter how much the intrathoracic 
pressure is decreased, the 's^enous pressure in the antecubital vein 
remains positive.- The negative intrathoracic pressure collapses the 
walls of the veins as they enter the thorax and prevents the suction 
effect of the negative intrathoracic pressure from being transmitted 
to the blood in the antecubital vein. When the venous pressure is 
elevated, the column of blood in the antecubital vein becomes 
continuous with that in the great A^eins of the thorax. Under these 
conditions the vein does not collapse in any part of its course, and 
the pressure in the antecubital vein is the same as that in the right 
auricle.^ When the venous pressure is lowered, the vein tends to 
collapse. It is reopened by the pressure of blood flowing into the 
antecubital vein from the hand and forearm. Under these condi- 
tions, the antecubital venous pressure may not reflect changes in 
venous pressure in the thorax or auricle. The aboA’e-mentioned 
factors have little influence on the pressure in the e.xternal jugular 
vein, because normally the jugular veins are someAvhat distended 
in the recumbent position. Therefore, on theoretical grounds a 
decrease in the filling pressure of the right auricle because of a 
lowering of the A'cnous pressure below the normal level would be 
expected to produce a greater fall in the pressure in the external 
jugular vein than in the pressure in the antecubital vein. 

Accumulation of blood in the lower extremities by the application 
of venous tourniquets causes a significant loAvering of the venous 
pressure in normal subjects. The fall in venous pressure is produced 
primarily by the increase in size of the venous bed in the extremities, 
although the slight decrease in plasma volume brought about by 
the higli capillary pressure in the extremities may be a minor 
iaetor. Kbert and Stead® measured tlie amount of blood present 
in one up])er and tAvo lower e.xtremities before and after venous 
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congestion. They demonstrated that in the 5 subjects studied, an 
average of 700 cc. of blood was removed from the head, trunk and 
arm by placing venous tourniquets on one upper and two lower 
extremities. This is as much blood as is usually removed during a 
single venesection. 


VENOUS TOURNIQUETS ON THIGHS 



Fig. 1. — The effect of venous tourniquets on the pressure in the antecubital and 
external jugular x'eins of a normal subject. 


It has been previously pointed out® that venous tourniquets are 
more effectit'e when the systemic venous pressure is normal, when 
edema of the extremities is absent, and wlien the patient has been 
in the recumbent position. If the venous bed in the extremities has 
already been distended by postural means or by a marked general- 
ized increase in venous pressure, the application of tourniquets will 
produce little further increase in the size of the \'enous bed. If the 
legs are swollen tight with edema, the high tissue pressure will 
prevent the accumulation of large amounts of blood in the reins. 
Failure to recognize these limitations in the use of tourniquets 
accounts for the occasional report that venous tourniquets are 
ineffective in the treatment of acute left ventricular failure. 

Summary. 1. ^'enous tourniquets at a pressure of So mm. Hg 
were applied to the upper thighs of G normal subjects. 

2. The application of these tourniquets caused a decrease m 



PYELOGR.UIS IN HYPERTENSIVE PATIENTS 


505 


venous pressure in both the external jugular and antecubital veins. 
The average fall in venous pressure in the external jugular A’-ein 
was 53 mm. of water. The ai'^erage fall in venous pressure in the 
antecubital vein was 23 mm. of water. 

3. The decrease in A'-enous pressure from the application of 
tourniquets to the upper thighs is greater in the external jugular 
than in the antecubital vein, because the arm veins tend to collapse 
wlien tlie venous pressure is loAA^ered. After the vein AA'alls are in 
contact, further loAA^ering of the A^enous pressure proximal to the 
point of collapse produces no further decrease in venous pressure 
in the distal portion of the Amin. 

REFERENCES. 

1. Richards, D. AV., Jr., Cournand, A., Darling, R. C., and Gillespie, AA’'. 
H.: Trans. Assn, Am. Phys., 56, 218, 1941. 

2. Doupe, J., Krynauw, R. A., and Snodgrass, S. R.: J. Physiol., 92, 383, 1938 

3. Ebert, R. V., and Stead, E. A., Jr.: J. Clin. Invest., 19, 5G1, 1940. 

4. PIoLT, J. P.: Am. J. Physiol., 134, 292, 1941. 

5. Lyons, R. H., Kennedy, J. A., and Burwell, C. S. ; Am. Heart J., 16, 675, 
1938. 

6. Moritz, F., and A^'on Tabora, D.: Deutsch. Arch. f. klin. Med., 98, 475, 
1909. 


PYELO GRAMS IN PATIENTS WITH ESSENTIAL AND 
MALIGNANT HYPERTENSION 

By j. C. Shrader, M.D. 

John M. Young, M.D, 
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(From the Lilly Laboratory for Clinical Research, Indianapolis City IIos;jital) 

This study Avas undertaken in an attempt to answer certain 
questions in tlie interpretation of retrograde pyelograms of hyper- 
tensiA'e patients Avho showed no evidence of “surgical” renal dis- 
ease. These questions were: (1) Is tliere a pyelogram character- 
istic of hypertensives? (2) Is tlie incidence of abnormal urograms 
in an unselected group of hypertensives greater tlian in an unselected 
group of norraotensivc controls? 

A, Characteristics of the Pyelograms of Hypertensives. Voelcker 
and von Liclitcuberg made tlie first urograms in 19!)5 but a critical 
analysis did not ajipear until 20 years later when Eisendrath and 
Arens'-'^ called attention to the existence of normal variations, 
riiey described three groujis of normal pyelograms, r/r., ampiillary, 
hifid and pseudospider. The ampullary proved to be the most 
common group (Fig. 1). When there were two rather distinct divi- 
.sions of the pelvis from which branched one or more major eahres 
the pyelogram was classified as bifid (Fig. 5). Tho.se whose calyces 
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calyces were usually quite narrow but with much variation. The 
calyces could be so large that the pelvis proper was onlj^ visible as 
a small portion of the pyelogram, and conversely the pelvis often 
predominated over the calyces. Changes in shape of the ureter, 
pelvis and caljmes due to peristalsis were emphasized. 

In the same year Goldstein and Carson® showed that normal 
ureters have diameters of 2 to 5 mm., and the normal pelvis meas- 
ures 2x2 cm., with an average capacity of 8 ml. var^dng from 
3 to 13 ml. 

Moody and Van Nuys^® examined 450 healthy university students 
with antero-posterior roentgenograms of the abdomen and re- 
ported the most common position of the kidney to be opposite the 
first 4 lumbar vertebras when erect. When supine, the cephalic 
pole lay opposite the 12th thoracic and the caudal pole opposite 
the 3d lumbar vertebrae. 

In 1933 Rose, Hamm, Moore and Wilson, from a critical analj^sis 
of 385 pyelograms defined a normal renal pelvis as one symmetri- 
cally placed in the kidney, with free flow of urine through its parts. 

The so-called ‘TntrarenaP^ pelvis may be defined as one in which 
the renal tissue wholly surrounds it and the ureteropelvic juncture 
is seen in the Roentgen photograph as part of the medial border of 
the shadow of the kidney (Fig. 3). B}'- contrast, the ureteropelvic 
juncture in a kidney with a “hilar” pelvis is separated from the 
medial border with the pelvis partly within it. Occasionally the 
pelvis appears to be outside the kidnej^, making the intrarenal 
portion seem to consist entirely of calyx (“extrarenal” pelvis) 
(Fig. 6). 

Method. In an attempt to answer the first question we have 
limited our study to patients with normal retrograde pyelograms 
as judged by the criteria suggested by the authors cited above, and 
by Wesson and Ruggles.^® The borderline between normal and 
pathologic, in brief, depends upon a separation of all pyelograms 
exhibiting signs of stasis, infection, displacement, lithiasis, filling 
defect, or congenital anomaly. These criteria will be discussed 
more fully in the section on results. In order to facilitate analysis, 
each pyelogram was inspected for certain characteristics: 

1. Location of renal pelvis as to vhether it was intrarenal, extrarenal, 
or hilar. 

2. Level of renal pehas in relation to vertebral landmarks. 

3. Renal torsion; complete or incomplete rotation. 

4. Presence or absence of a right-angled ureteropelvic juncture. 

0. Capacity of the pehns as judged from the comparati\'e .“^ize of the 
shadow.* 

6. Size of calyces in relation to pelvic size. 

7. Number of minor calj'ces. 

5. Configuration of calyces and infundibuli. 

0. General shape of pelvis; triangul.ar, square or rounded. 

10. Axis of renal pelvis: nonnal oblique, horizontal or vertical. 

11. Tendency toward intrarenal duplication of pelvis (bifid pelvis). 


* RctroKrado pyelograms were made by the gravity method. 
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The retrograde pyelograms of 100 h 3 'pertensive patients were 
compared with the pj’elograms of 100 normotensive individuals. 
i\Iost of these were made b.v one of us (J. hi. Y.) and were consid- 
ered to be within normal limits bj' the roentgenologist, the urologist 
and the authors of this paper. 

We arbitrarily- selected 149 mm. systolic and 89 mm. Hg diastolic 
as the upper limits of normal arterial pressure. 

Results. The results are summarized in Table 1 . 

1. The renal pelvis of adults is usually- hilar and in this, hyper- 
tensive subjects do not differ from normotensives. Further, the 
difference in the incidence of bilateral intrarenal pelves is only 4%. 
When those with unilateral intrarenal pelves are included, the dif- 
ference is 3%. 

2. The ureteropeh’ic juncture usually- is at the level of the 2d 
lumbar transverse process with the right pelvis placed 2 or 3 cm. 
below the left. The limits of normal motility- were set at one verte- 
bra above and below this point. Very few pyelograms were seen 
where the juncture was higher than the 1st lumbar transverse process 
when supine. Those in which the juncture fell below a line through 
the 3d trans^-erse processes when supine or erect were classified as 
abnormal. Occasionally-, e\-en though the kidney- did not descend 
this low when erect, angulation of the ureter indicated an abnormal 
degree of ptosis. 

The series is too small for statistical analysis but it is noteworthy 
that kidney-s placed lower than average occurred twice as frequently 
in hypertensives and higher than average on one or both sides in 
42% of normotensives, as compared to 30% in the hypertensives. 

3. Renal torsion apparently- is the result of incomplete rotation 
of the kidney-. It was present in 11% of hypertensives and S% of 
normotensives. We believe that partial rotation is a normal varia- 
tion if unassociated with signs of stasis or infection. Dilatation of 
the caly-ces (caly-ectasis), dilatation of the pelvis (pyelectasis), or 
blunting of the caly-ces were regarded as signs of stasis, and shaggi- 
ness or blurring of the caly-ceal outline as signs of infection. 

4. When the axis of the pelvis meets the ureter at approximately 
a 90 degree angle it is designated a right-angled ureteropelvic junc- 
ture (Fig. 2). Such pelves usually- have a horizontal axis and are 
roughly- rectangular in shape. If, with this finding stasis was sug- 
gested b.v high insertion of the ureter, aberrant renal blood-vessel, 
caly-ectasis, ptosis, ureteropelvic stricture or an angle of less than 
90%, the pyelogram was considered abnormal. The incidence of 
right-angled' ureteropelvic junctures was the same in each class of 

patients. _ , i- i 

5. The average capacity of the renal pelvis is generally behevcfl 
to be 0 to 9 ml. Otherwise normal pelves may hold as much as 
20 ml. In reading pyelograms it is customary for urologists and 
roentgenologists to m'ake a notation if the pelvis appears small or 
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large. Wesson and Ruggles^ advise against interpreting the out- 
line of a pelvis as abnormal unless the evidence of pj'electasis is 
beyond question. We distinguish earlj'^ hydronephrosis from a pel- 
vis which is merely large by the presence of blunting of the calyces 
and/or bulging as indicated by con\'ex superior and inferior borders. 
Such pyelograms were considered abnormal. Normal pyelograms 
were grouped according to the relatii'^e size of their peh'es. 

Non-hj'^dronephrotic peh^es larger tlian ai'erage were found almost 
twice as frequently in hypertensives. 

6 . We noted the size of the pelvis in relation to the size of the 
calyces because it has been suggested/® that a pelvis small in 
proportion to the calyces tends to cause back pressure. Pyelograms 
which showed large branching major calyces with comparati^'ely 
small pelvic reservoirs were classed as smaller than average. Those 
films that showed short, stubby minor eal3''ces with indefinite major 
calj'ces, so that the p^'^elogram seemed to be almost all pelvis were 
recorded as larger than average. A pelvis of a^'erage size in relation 
to the size of the cab^ces occurred with equal frequenc}' in h3'per- 
tensives and normotensives. 

7 . The minor cal3^ces ma3' var3’' in number from 6 to 15 ." In a 
retrograde p3'elogram it is difficult to count them all as a few ma3^ 
be obscured. We arbitraril3' considered those showing between 8 
and 13 minor cal3^ces per kidne3’- as exliibiting an average number. 
There was no significant relationship between the number of minor 
calyces and the existence of h3^pertension. 

8 . The superior cal3^x is usuall3'- long and thin while the inferior 
cal3^x is often short and stump3^-® The position of the pehds within 
the kidne}’’ affects the length of the major and minor cal3'ces. There 
are definite changes in the size and contour of the cal3’ces, due to 
their peristaltic activit3’— short and broad cal3'ces becoming long 
and narrow. Therefore, variations in the configuration of the 
cal3’^ces ma3' not be regarded as permanent. A narrow, elongated 
infundibulum ma3'' mereb^ be a transient peristaltic wave and not 
an impediment to drainage. Irrespective of these difficulties in 
interpretation ive thought it interesting to record the character of 
the cah^ces. There was no relationship between the pelvic config- 
uration and h3-pertension. 

9 . As seen in Figure 1 the renal pelvis has a triangular outline. 
The base of the triangle parallels the long axis of the kidne3'. In 
certain p3-elograms the pelvis assumes a rectangular appearance 
while more rarel3' the outline is rounded and roughl\- spherical. In 
both h3'pertensives and normotensives the general shape of the pel- 
vis was triangular in 9 out of 10 p\*elograms. 

10 . The axis of the pelvis corresponds to the height of the pelvic 
triangle. This usualb' meets the axis of the ureter at an angle of 
130 to 150 degrees. If the angle is more acute than this we have 
classed it as a horizontal pelvis. If the angle approaches ISO de- 
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grees, the pelvis is classed as vertical. The pelvic axis of hj^per- 
tensives does not differ from normotensives. 

11. A bifid pelvis is one showing a tendency to intrarena! dupli- 
cation in that there are two divisions of the pelvis from each of 
which may branch 1 to 3 major calyces. There is no significant 
difference in the incidence of bifid pelves in the two classes of 
patients. 


Table 1. — SpjiMAsr or Axaltsis op NoK^u,L Piblogkams of 100 Hipekte.nshes 
AND 100 Norvotenstves 


Number 


Pj clographic 


per- 

Normo- 

characteristics 

Classification of normal variations 

tensives 

tensive' 

1. Location of renal pelvis 

Hilar pehes bilaterally 

, 59 

62 

Intrarena! peKes bilaterallx 

. 20 

16 


One hUar, the other mtrarenal 

16 

17 


Hxtrarenal 

3 

4 


Uncertain 

2 

1 

2. Le\el of renal pelvis 

Average le\ el . . . 

53 

48 

Higher than average^ 

10 

20 

14 

2S 


Loner than average J 

10 

3 

4 


One pehns high, other low 

2 

3 

3. Renal torsion (kidney 

Complete rotation . 

89 

92 

rotation) 

Incomplete rotation | gjaf*’ 

n 

. 0 

s 

0 

4. Presence of right-angled 

Norma! ureteropelvic juncture bilaterallv 

. 76 

78 

ureteropelvic junct 

Right-angled urcteropel. junct. bilaterally 

. 7 

3 


Unilat. rt -angled ureteropel. junct.| ^ 

. lo 
o 

IS 

1 

5. Capacitj of renal pelvis 

Average .... . . 

. Cl 

66 

Smaller than average 

21 

24 


Larger than average 

JS 

10 

6. Sue of pehns in relation 

-Average . . . 

64 

03 

to sue of calj ces 

Smaller than average 

22 

19 

Larger than average 

H 

16 

7. Number of minor cab ces 

Average , 

92 

89 

More than a\erage 

3 

6 


Feuer than a%erage 

5 

5 

8 Character of calj ces 

Not unusual 

63 

63 

Predominance of long, narrow infundibuh . 

9f> 

24 


Predominance of short, stubby cab ces . 

. 15 

13 

9. General shape of Ten'll 

Tnangular peb es bilaterally 

90 

92 

pelvis 

Rectangular pelves| ' 

8 

0 

2 


Rounded pelves^ Bdat ' 

1 

I 

3 

0 

10. Axis of renal pelvis 

Normal axis bilateralb 

67 

bo 

Horuontall 

13 

10 

Jo 

10 


Vertical { 

■» 

5 

0 


One honzontal, other xertical 

I 

I 

11 Tj pe of renal pel\ is 

Neither pehis bifid 

72 

67 

Bifid pelvnsf Un|I«‘ 

11 

17 

12 

21 


B. Incidence of Renal Abnormalities in Essential and Malignant 
Hypertension. In order to determine whetlier abnormalities of the 
urogram are more common in hypertensive than in normotensive 
patients, we considered the following data: 

1. The incidence of hj'pertension in patients who exhibited easily 
recognizable renal abnormalities as judged by retrograde pyelograms. 
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2. The incidence of the same degree of renal abnormalities in an 
unselected group of hypertensive patients. 

3. The average mean arterial pressure of patients with abnormal 
pyelograms as compared with the average mean pressure of those 
with normal pyelograms. 

To determine the correlation between abnormal pyelograms and 
associated elevated arterial pressme, we reviewed 218 consecutive 
retrograde pyelograms made at the Indianapolis City Hospital 
during the past year. Each pyelogram was classified as normal or 
abnormal and the blood pressure of the patient noted. Retrograde 
urography is performed routinely on all hypertensive patients 
studied at the Lilly Clinic. This group was considered separately 
from the above. 

Results. One hundred pyelograms exhibiting obvious abnormali- 
ties such as hydronephrosis, ptosis, filling defects, polycystic disease, 
ureteropelvic constriction, calculus or congenital anomalies were 
studied. Of this group, 78 were normotensive and 22 were hj^jer- 
tensive. Criteria for the occurrence of hypertension in the general 
population seldom are the same, thus making it difficult or impos- 
sible to compare one investigation with another. Our problem was 
to determine the incidence of hj'-pertension in the population of a 
general hospital. Whether this differs from that in the supposedly 
healthy civilian population we do not know. Braasch, Walters and 
Hammer* found that 19.4% of 869 admissions to the Mayo Clinic 
(ages 20 to 70) had systolic pressures of 145 mm. of mercury or 
abo^'^e. Oppenheimer, Klemperer and Moschkowitz** selected every 
15th patient in a series of 5000 who came to autopsy and observed 
high blood pressure in 24%. In general, a blood pressure of 
155/95 mm. Hg or more was considered the criterion of h 3 ^perten- 
sion. Shure-3 selected at random 947 of 11,898 autopsj^ reports and 
found 34.9% had a persistent arterial pressure of 150/95 or above. 

Recognizing that there is no general agreement as to the incidence 
of hypertension we believe that an incidence of 22% in our 100 
patients witli abnormal urograms (age group 20 to 60) is not sig- 
nificantlj" greater than that in tlie general hospital population. 

The average arterial pressure of 122 patients with gross renal 
abnormalities as judged bj^ retrograde urographj’’ was compared 
with the a^'^erage arterial pressure of 96 persons with normal p\'elo- 
grams. The results were summarized in Table 2. 

The urograms of 114 unselected patients who came to the Lill^' 
Clinic complaining of h.vpertension were reviewed and classified. 
The results are summarized in Table 3. The borderline cases were 
those with questionable blunting of the ca^vces, or questionable 
dilation of the pelvis and caRces. 

Unfortunateb’^ it is practicalK* impossible to find a comparable 
control series because the number of normotensi^'es showing sig- 
nificant renal abnormalities is high in those who must be c.vstoscopcd. 
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Comment. A normal pyelogram does not conclusively rule out 
the presence of renal disease, but when abnormal it usually indicates 
a moderately extensive lesion. The interpretation of pyelograms is 
often uncertain due to lack of generally accepted limits of normalcy. 
This paucity of normal criteria is partly due to limitations of descrip- 
tion. The aphorism, "One picture bespeaks a thousand words,” is 
nowhere more apt. 

Table 2.— Compamson op .-Vvebage Arterial Presstjbes of P.\tiexts With 
.4bkormal and With Normal Pvelograms 



Average 

Average 

Average 


systolic 

diastolic 

mean 


arterial 

arterial 

arterial 


pressure. 

pressure. 

pressure, 


mm. Hg 

mm. Hg 

mm. Hg 

122 patients with grossly abnormal pyelograms 129 

SI 

105 

98 patients with normal pyelograms 

... 131 

SI 

lOG 

Table 3. — Pvelograms of 

114 Hypertensive 

No. 

Patients 

% 


Normal 

S4 

73 OS 


Borderline 

S 

7 03 


Abnormal .... 

22 

19 29 


Total 

. . 114 

100 00 



Retrograde urography has certain well-known advantages over the 
excretory method. Minor degrees of deformities are delineated 
more clearly. According to Wesson and Ruggles,'^^ “One who de- 
pends upon intra^•enous pyelograms alone and does not check the 
diagnosis by a complete kidney investigation is going to make 
costl}' blunders.” 

Ravich'® using this method concluded that hypertension is almost 
invariably associated with kidneys having an intrarenal pelvis. In 
our series 61 % of hypertensives failed to show an intrarenal pelvis. 
Sarnoft-^ reported an incidence of 40% intrarenal pelves in 50 hyper- 
tensives. Hyman and Schlossman® found no higher incidence among 
hypertensive than norraotensive patients. 

Riskind and Greene*® recently reported a case of iiypertension 
associated with postural unilateral renal torsion. We liave found 
4 normotensives who exhibited unilateral failure of rotation phis 
signs of stasis of a degree to be considered abnormal. Our series 
suggests that incomplete rotation occurs with equal frequency in 
normotensives. 

Attempts liave been made to classify all cases of essential hyper- 
tension according to the predominant associated syndrome. W il- 
liams a'nd Harrison-® and Schroeder and Steele-® distinguish fi\’c 
groups: (1) renal; (2) nervous; (.3) vascular; (4) endocrine; and 
(5) unclassified. This follows the classification of Page'® except for 
the fifth group which is limited to essential and malignant hyperten- 
sion. iMcCann® goes so far as to hypothesize that in S0% to 85% 
essential hypertension depends on atheromatous narrowing of the 
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larger renal arteries and in the remainder the trouble is due to 
unsuspected disorders of the kidneys or urinary passages. 

Schroeder and Steele^^ found excretory urographic abnormalities 
in 50 of 71 essential hypertensives. In another series of 178 cases-- 
which includes these 71 patients, 71 (45%) showed abnormal excre- 
tory urograms. Schroeder'® considered as abnormal 37 intravenous 
urograms of 50 patients exliibiting slight elevation of blood pressure. 
Slight hj'^droneplirosis was the most frequent lesion noted. Our 
results differ from theirs in two regards: (1) the incidence of hyper- 
tension in a hospital population is believed bj^ us to be greater than 
suggested by them, and (2) our results were obtained b}^ comparing 
a normal with a hypertensi\"e group of patients. 

Braasch, Walters and Hammer' found the incidence of hj'perten- 
sion among 1684 patients with surgical condition of the kidney to 
be no higher than in a similar group of people taken at random. 
Friedman, Moschkowitz and Marrus'* showed that the mean blood 
pressure and incidence of hjqDertension was no greater in a group of 
193 patients nephrectomized for unilateral renal disease than in a 
comparable control series. 

Maher and Wosika® found only 17 % of 600 patients with hyper- 
tension to ha\'e abnormalities of the urinary tract and kidneys of 
sufficient degree to remo\"e them from the category of essential 
hypertension. The specific lesions included prostatic hypertrophy 
as the most frequent, pj’-elonephritis, urolithiases and combinations 
of obstruction and infection. It is noteworthy that such conditions 
usually are expressed by urographic anomalies especially if they 
have progressed to such a degree as to contribute to, or cause, hyper- 
tension. Therefore, the urogram should be a fairly reliable method 
for detecting such cases. 

Pearman, Thompson and Alien” present evidence indicating an in- 
cidence of renal lesions of 3.2% in 12,000 instances of hypertension. 

Palmer, Chute, Crone and Castleraan’® reported significant uro- 
graphic abnormalities in 22% of 212 hypertensives. 

Ritter” observed hypertension in 14.2% of 28 patients with 
urinary developmental anomalies. He reviewed the histories of 
24 patients suffering from hydronephrosis or renal anomalies with 
or without stone or secondary infection and found none to be hyper- 
tensive after an interval of 5 to 10 years. 

It is our impression that the range of normal variation in urograms 
is wider than usually recognized. Questionable pyelographic varia- 
tions in normotensives are often disregarded while the same varia- 
tions in hypertensives are emphasized— the patient tJicn becoming a 
“renal” hypertensive. 

Summary and Conclusions. The retrograde pyelograms of 100 
hypertensives and 100 normotensives were studied to ascertain 
wiiether hypertension was associated with any constant pyelographic 
variation. Those which seemed more common in hypertensive.-^ 
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were: (1) renal pelves which were larger than average, and (2) 
pelves whose position was lower than average. Intrarenal pelvis, 
incomplete rotation (renal torsion), right-angled ureteropelvic junc- 
ture, and bifid pelvis were no more common tlian in normotensive 
patients. Hypertension was not associated with any significant 
variation in the size of tlie pelvis to the size of the calyces, the gen- 
eral configuration of the pelvis, the pelvic axis, nor the number or 
morphology of minor calcyes. 

The incidence of hypertension in patients who exhibited easily 
recognizable renal abnormalities as demonstrated by retrograde 
pyelograms was 22%. The average mean arterial pressure of 
patients with abnormal pyelograms was the same as the average 
mean pressure of those with normal pyelograms. The incidence of 
significant renal abnormalities in an unselected group of hyperten- 
sives was 19%. 

The retrograde pyelograms of patients with essential hyperten- 
sion do not differ significantly from those of normotensives. The 
incidence of urographic abnormalities in an unselected group of 
hypertensives appears to be no greater than in normotensives. 
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CARDIAC CIRRHOSIS 

By Curtis F. Garvin, M.D. 

ASSISTANT PROFESSOR OF MEDICINE, WESTERN RESERVE UNIVERSITY SCHOOL OF 

medicine; visiting physician, medical SERVICE, CLEVELAND CITY HOSPITAL 

CLEVELAND, OHIO 

(From the Department of Medicine of Cleveland City Hospital and Western Reserve 

University School of Medicine) 

Cardiac cirrhosis usually is defined as hepatic fibrosis due to 
congestive heart failure.^ ■“ In order to preclude the possibility that 
borderline cases might be included, this study of cardiac cirrhosis 
was limited to instances of hepatic fibrosis of such a degree as to 
cause actual architectural distortion of the liver. All cases of 
Laennec’s cirrhosis and fibrosis due to infection were excluded. 
Only patients who died of congestive heart failure were studied, in 
order that there could be no question of the likelihood that signifi- 
cant passive hyperemia of the liver had been present. 

The material for the study consisted of the elinical and pathologic 
observations on 790 consecutive, adult, autopsied patients in whom 
heart disease was the chief cause of death. These cases occurred in 
6548 consecutive postmortem examinations done at the Cleveland 
City Hospital in the decade from January 1930 to December 1939 
inclusive. Thirty-fi^^e instances of Ccardiac cirrhosis were en- 
countered. 

The Incidence of Cardiac Cirrhosis in Various Types of Heart 
Disease. The incidence of cardiac cirrhosis varied with the tjqie of 
heart disease (Table 1). It is evident that cardiac cirrhosis oc- 
curred most often in rheumatic heart disease and hypertensive heart 
disease. Thus 119 patients who died primarily of rheumatic heart 
disease included 14 (11.8%) with cardiac cirrhosis. Of 264 patients 
who died primarily of hypertensive heart disease, 14 (5.3%) had 
cardiac cirrhosis. The remaining 407 patients (who died of a 
variety of other types of heart disease) included 7 instances of 
cardiac cirrhosis (1.7%). 

Clinical Features. Number of Episodes of Heart Failure, Splenomeg- 
aly, Ascites, Valvular Lesions and Jaundice. Tlie number of cases 
is not large enough to permit statistical analysis, but certain ten- 
dencies are demonstrable. 

There was a tendency for cardiac cirrhosis to occur in patients 
who had had more than one episode of heart failure. The 14 patients 
with cardiac cirrhosis who died of rheumatic heart disease included 
9 (64%) who had had more than one episode of heart failure. The 
remaining 105 patients who died of rheumatic heart disease but 
who did not have cardiac cirrhosis, included 38 (36%) who had had 
multiple failures. Of the 14 patients dying of hypertensive heart 
disease and showing cardiac cirrhosis, 6 (43%) had had more than 
<me episode of lieart failure. Of the 250 patients who died of 
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hypertensive heart disease and who did not have cardiac cirrhosis, 
69 (28%) had more than one episode of heart failure. 

There likeAvise was a tendency for splenomegaly to be associated 
with the cases of cardiac cirrhosis. This was best shown in the group 
of patients dying of rheumatic lieart disease. Of the 14 patients 
with cardiac cirrhosis, 11 (79%) had a spleen weighing over 200 giu. 
whereas of the 105 patients without cardiac cirrhosis 26 (25%) had 
a spleen weighing over 200 gm. 

In regard to ascites, in the rheumatic heart group, of the 14 
patients with cardiac cirrhosis, II (79%) had ascites either clinically 
or at autopS3^ Of the 105 patients without cardiac cirrhosis, 45 
(43 %) had ascites either clinicalh’^ or at autopsj\ In the case of tlie 
patients djdng of h^-pertensive heart disease, of the 14 suffering 
from cardiac cirrhosis, 9 (64%) had ascites; of the 250 who did not 
have cardiac cirrhosis, 100 (40%) had ascites. 

Studj" of the nature of the valvular lesions in the 119 patients 
who died of rheumatic heart disease showed that of the 14 who had 
cardiac cirrhosis, 4 (29%) also showed tricuspid stenosis. Of the 
105 patients without cardiac cirrhosis, onl.v 9 (9%) had tricuspid 
stenosis. Stated differentlj", of the 13 patients who had tricuspid 
stenosis, 4 (31%) had cardiac cirrhosis. 

Jaundice did not occur frequently enough to permit stud.v. 

Diagnosis. It is difficult to diagnose cardiac cirrhosis clinically. 
The material at hand seems to indicate that the condition occurs 
more often in patients with heart disease of some standing. It 
occurs especially in patients with rheumatic heart disease or hj'per- 
tensive heart disease, and relative^ often in individuals with tri- 
cuspid stenosis. 

The presence of a li^'er smaller than one would expect in the face 
of congestive failure, the existence of ascites and splenomegah' not 
attributable to other causes are suggestive evidence. However, in 
the clinical appraisal of a given case, this evidence could be mislead- 
ing since all of these signs can occur in a patient without cardiac 
cirrhosis. 

In the 35 cases studied, the diagnosis was made in onty 5 cases. 
The report of the case in which the clinical diagnosis seemed most 
justified is as follows: 

Case Study. J. G., a colored man aged 42, entered Cleveland Citj' Hospi- 
tal Januarj' 5, 1934. He had had shortness of breath on exertion and occa- 
sional swelling of the ankles for 8 months. 

Examination showed a well-developed, well-nourished negro. He was 
short of breath. The cendcal veins were distended. There were rales at 
the bases. The heart was enlarged in all directions and showed a systolic 
murmur at the apex. The cardiac mechanism was normal. The blood 
pressure was 220 sj'stolic and 140 diastolic. The liver was tender and the 
edge" was 6 cm. below the costal margin. There was no ascites. The 
extremities, scrotum, .sacral and lower abdominal regions showed pitting 
edema. Tlie retinal arteries were thin and tortuous, and venous nicking 
was present. 
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The patient received digitalis and diuretics, and improved. He vas 
discharged February 10, 1934. The diagnosis was hj'^pertensive heart dis- 
ease and myocardial insu^5cienc3^ 

He was again admitted to the hospital Jills'^ 17, 1934, because of marked 
myocardial insufficiencj’’. The findings were as Iiefore except that ascites 
was present. He improved and was discharged November 22, 1934. 

The patient was admitted to the hospital the third time April 23, 1935. 
There was evidence of marked mjmcardial insufficiencJ^ Abdominal para- 
centesis was done on 2 occasions. The edge of the liver was 5 cm. below 
the costal margin. He ivas discharged Maj'' 27, 1935. 

He was admitted to the hospital a fourth time Julj’- 30, 1935. Shortness 
of breath and anasarca had returned. During this admission, because of 
ascites which recurred despite the frequent use of mercurial diuretics, ab- 
dominal paracentesis was done 9 times. The patient finall}" became free 
of edema, and was discharged Februar}'^ 22, 1936. The diagnosis of cardiac 
cirrhosis was made on this admission. 

The patient was admitted to the hospital the fifth time April 17, 1936. 
He was moribund and died in 12 hours. 

In a period of about 28 months, the patient had spent 407 days in the 
liospital. He had suffered varjdng degrees of mjmcardial insufficiencj'’ for 
over 3 years. The clinical diagnosis was h 3 ’-pertensi'\'e heart disease, m 3 ’-o- 
cardial insufficienc 3 ’^ and cardiac cirrhosis. 

Autopsy. Autopsy was performed 53"^ Dr. Gallavah 83 hours after death. 
The body was normally developed and showed marked anasarca. 

The abdominal cavit 3 '' contained 6300 cc. of serous fluid, the right pleural 
space 125 cc., the left pleural space 130 cc., the pericardial sac 300 cc. 

The heart weighed 850 gm. and was dilated. The coronaiy arteries 
showed rather marked arteriosclerosis. 

The liver was of normal shape and weighed 1875 gin. The edges were 
moderately rounded. The capsule was opaque and thickened. The organ 
cut with increased resistance. Tlie surface was a mottled brownish-red 
color. It was difficult to distinguish hepatic lobules. 

The other viscera showed chronic passive hyperemia. There was gener- 
alized arteriosclerosis. 

Table 1. — The Frequency Distribution of Cardiac Cirrhosis in the Various 

Types of Heart Disease 


Tj pe of hciii t disease 

No. of 
ca'ses 

No V. 1 II 1 
cardiac cirrlio'is 

% 

Hypertensive heart disease . 

2G4 

14 

5 3 

Coronary heart disease 

177 

3 

1 7 

Rheumatic heart disease 

lit) 

14 

11 8 

SJ^3hilitic lieart disease . 

07 

1 

1 5 

Cor pulmonale 

54 

1 

1 !) 

Subacute bacterial endocarditis 

.31 

0 

0 0 

Acute bacterial endocarditis 

13 

0 

0 0 

Thyroid -heart disease 

<1 

0 

0 0 

Calcific aortic stenosis 

0 

0 

0 0 

Obliterative pericarditis . 

7 

1 

14 3 

Tuberculous pericarditis 

7 

0 

0 0 

Pericardial adhesions 

5 

1 

20 0 

Miscellaneous . 

u 

0 

0 0 

UndiaRiiosed , 

It) 

0 

0 0 


700 

35 

4 4 


Microscopicallv, the architecture of the individual lobules of the liver 
could be made out Init there was considerable distortion due to c.\tcnsive 
fibrosis. This fibrous tissue was in most situations quite 3 -ouns: as it stained 
Jioorl.v with '\'an Gicson's stain but vividl_v with lleidenhaiirs stain. The 
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fibrosis was most marked in the subcapsular areas where it was diffuse. 
Otherwise there was no constant distribution. There was considerable 
chronic passive hj’peremia and the central veins were markedly distended. 

The diagnosis was generalized arteriosclerosis, ■ V' ’ ■ '■ ’ 
dilatation, cardiac cirrhosis* and chronic passive ■ 

Summary. Of 790 consecutive, adult, autopsied patients who died 
of heart disease, 35 (4.4%) had cardiac cirrhosis. Only those cases 
were included in which there was actual architectural distortion of 
the liver. 

Cardiac cirrhosis occurred essentially in two types of heart dis- 
ease, I'iz., rheumatic heart disease (14 of 119 cases) and hyperten- 
sive heart disease (14 of 264 cases). 

From a clinical standpoint there was a tendency for the cases of 
cardiac cirrhosis to be associated with multiple episodes of failure, 
ascites, splenomegaly and in the rheumatic group with tricuspid 
stenosis. In 5 of the 35 cases studied, the diagnosis was suspected 
clinically. It appears that there are no definite criteria, however, 
which permit the consistent clinical diagnosis of cardiac cirrhosis. 
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STUDIES ON THE PENETRATION OF SULFONAMIDES 
INTO THE SKIN 

I. PENETRATION OF SOEFONAMIDES FROM VARIOUS OINTMENT 
BASES INTO THE INTACT SKIN OF GUINEA PIGS; AND A NEW 

Method of Analysis of Tissue Sulfonamides f 
By Ernest A. Strakosch, IM-D. 
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In a previous paper, = we presented the first analytical data, to 
our knowledge, on rates of penetration of sulfonamides into the 
intact skin from i-arious I'ehicles. These data were derived from 

* Diagnosis of Dr. H. T. Karsncr, Chief of the Department of Patlioiogj' of 
Cleveland City Hospital. . ■ r 
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direct tissue analyses of the skin of rabbits, rats and humans, after 
various periods of applications of sulfonamides in wet packs, oint- 
ments, and by iontophoresis. 

One of us^ had previously attempted to determine the degree of 
liberation of the incorporated sulfonamide from various ointment 
and jelly bases into agar plates streaked with staphylococci, as 
judged bj'- measured clear areas free of bacterial growth. It is now 
realized that this approach cannot be justifiably extended to clinical 
practice, since it shows only the partition coefficient between the 
vehicle and the agar. Although it does give some information 
regarding the degree of liberation of the incorporated sulfonamide, 
this information does not necessarily apply to the skin. Since it is 
of practical importance to have a better comparison of what can 
be obtained regarding the tissue concentration of sulfonamides 
diffusing from various vehicles, it was decided to examine the tissue 
concentrations produced by various ointment bases containing 
different concentrations of sulfonamides. 

From the previous report- it was indicated that in regard to 
penetration of sulfonamides, rat skin was more similar to human 
skin than the more delicate rabbit skin. As it was impossible for 
the purposes of this study to use human subjects, because of the 
large number of cases needed, and the multiple biopsies required 
for each subject, we selected guinea pigs rather than the rat, as it 
was impossible to keep dressings or bandages on rats. Several 
experiments with rats immobilized in confining cages showed skin 
penetration rates of sulfanilamide quite comparable with those of 
guinea pigs and humans. 

Methods. The experimental animals were guinea pigs ranging in body 
weight from 400 to 600 gm. The hair along the back and sides was clipped 
with a fine electric hair clipper, taking care not to injure the skin. The 
ointments were applied to the skin and held in place nlth gauze bandages 
and adhesive tape. The animals were placed in narrow confining cages 
which made it impossible for them to disturb the bandages, yet pennitted 
them to take food (cabbage) placed before them. In order to stud.y the 
effect of time and concentration on penetration, ointment was ai:)plied to 
two areas, separated by the A’^ertebral column. These areas extended along 
the sides of the animal, precautions being taken to prevent the ointments 
applied to each area, from intennixing. The ointments were reapplied 
once dailj\ 

Biopsies were perfonned after 1, 2 and 3 days, to obtain the time effect. 
When concentration effects were being studied, ointments of two different 
concentrations of sulfanilamide (SNA)* were applied to the same animal, 
one on the left area, and the other on the right. 

Prior to performing biopsies, the animals were thoroughh' washed with 
soaj) and wann running water, after which the areas to be biopsied were 
.shaved and rinsed. A piece of skin approximately 4 to S sq. cm. was 
roinoycd with scissors under light ether anesthesia, cutting domi to the 
pannicnlus carnosus muscle layer. The excised skin piece.« were washed 

* Siipiilicd tlirouKli the courtesy of Dr. D. F. Robertson, of Merck A- Co.. Inc.. 
U.nhw.ay. N. J. 
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With soap and runniug warm rvater, blotted, and pinned to sheet cork. 
Uniform skin aliquots weighing approximately 60 to 100 mg. were punched 
out by means of a sharp blow delivered to a cjdmdrical brass punch, approxi- 
mately 1 cm. in diameter. They were weighed immediatelv on a torsion 
balance and analj’^zed for total sulfanilamide. 

Method of Chemical Analysis of Tissue Sulfanilamide. Tissue 
SNA was first determined by a method previously described,^ in 
M-hicli free SNA was analyzed in tissue filtrates from ground tissue, 
by the method of Bratton ct al.f using a photoelectric colorimeter. 

The photoelectric colorimeter was designed and built after the 
Evelyn type instrument.® It contained a Alazda flashlight bulb and 
metal reflector as the light source, controlled in intensity by a 
vernier rheostat combination; a General Electric barrier type photo- 
electric cell,* linear within 1 % up to 50 microamperes (the maximum 
photoelectric current generated was less than 3 microamperes); and 
a Leeds-Northrup galvanometer (tj-pe KS5410), with a period of 
3 seconds or less, a resistance of ca. 1000 ohms, a critical damping 
resistance of 5000 to 10,000 ohms, and giving a full-scale deflection 
at 2.5 microamperes. The entire instrument, including the gal- 
vanometer and lamp and scale, is housed in a small box, 9 x 7 x 
13 inches, and cost approximately SlOO to construct. The alumi- 
num house holding the light source, filter holders, absorption 
cuvette, and photoelectric cell, is similar to that described by 
Eveljm® except that the filter holder was adapted to hold the less 
expensive Standard Corning and Wratten 2 inch filters, and the 
cuvette holder contained a microadaptation for smaller test tube 
cuvettes, of dimensions 11 mm. inside diameter, 1 mm. wall thick- 
ness, 10 cm. long, and optically selected. Readings could be made 
with 3 cc. volumes. 

Bratton et al.^ describe the absorption maximum of SNA solutions 
after color development by their method, which is essentiall,\’ the 
method we used, as 5450 A units, whereas we found it to be 5421 A, 
as determined both in a sjrecial Zeiss single monochromator photo- 
electric spectrophotometer, and in the Coleman single monochro- 
mator spectrophotometer. The curve was quite broad, however, 
varying not more than 2% transmission from the maximum when 
extended 50 A units in either direction from the maximum. When 
we chose a Corning filter combination which gave a maximum trans- 
mission close to the absorption maximum of the SNA solution, 
namely 5425, difficulty was had because the filter absorbed too 
much light, and a good curve could not be obtained. Finally a 
filter combination of Corning filters No. 3486, 5126, and 4303, was 
selected, which followed Beer’s law with standard SNA solutions, 
up to 0.3 mg. % concentration. ^ This filter combination gave a 
maximum transmission at 5521 A units, varying only about 2% 


♦ General Electric CataloRue Ko. 4120S.33-9-I. 
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transmission wJien shifted 50 A units in either direction from the 
maximum,* 

In determining large numbers of tissue SNA concentrations, it 
was found time-consuming and cumbersome to grind the tissues, 
especially skin, in a mortar with sand, prior to filtration and analysis, 
as described previously Hence another method of anal3"sis was 
developed, which permitted large numbers of determinations to be 
made each da3^ Tissue aliquots are macerated and taken into 
solution bj’- HCl hj’-drol^^sis in a hot water bath, cooled, precipitated 
with trichloracetic acid, filtered, and the filtrate anal3^zed for SNA. 

Procedure. The weighed biopsy was placed into a 10 cc. volu- 
metric flask, 3.5 cc. 0.6 N HCl were added from a burette, and the 
flask partiall 3 '- immersed in a boiling Avater bath, b 3 " means of a wire 
basket holder, for 30 minutes, after which the tissue u^as completel 3 ' 
macerated and taken into solution upon vigorous (!) shaking. 
Longer boiling tends to produce discoloration, and subsequent 
errors. Tavo cc. 15% trichloracetic acid AA^as added, making the 
solution 3% in trichloracetic acid, and the flask filled to Amliime 
Avith distilled Avater. After thoroughly sliaking, the solution Avas 
filtered through a fine grained anal 3 dical filter paper (7 cm. No. 589 
ashless Schleicher and Schiill) in a 1.5 inch short-stemmed funnel. 
Five cc, of the clear filtrate was analyzed for SNA by the method of 
Bratton et al.,^ modified to meet the conditions of our experi- 
ments, To 5 cc. of the filtrate AAmre added: (1) 0.5 cc. freshl 3 " pre- 
pared 0.1% NaN02 (Merck, AR). Shake and leave 3 minutes. 
(2) 0.5 cc, 0.5% ammonium sulfamate (La Motte, pure ciyst.). 
Shake and leave 2 minutes. (3) 0.5 cc. 0.1% n(l-naphth 3 d)- 
eth 3 flene diamine dih 3 'drochloride (Eastman No. 4835). Sliake and 
leaA^e at least 5 minutes. Keep in the dark until readings are made. 
It fades somcAAdiat after an hour. The percentage transmission 
Avas then determined in the photoelectric colorimeter, and converted 
to mg. per 100 cc. from standard calibration charts. Recoveries of 
knoAAm added amounts of SNA to tissue aliquots Avere determined 
to ascertain the experimental treatments neccssaril 3 ' folloAved to 
yield accurate results, Amr 3 'ing the boiling time, acid concentration, 
size of tissue aliquots, and concentration of SNA. 

Table 1 illustrates t 3 'pical results of recoveries of knoAvn added 
amounts of SNA to 80 to 100 mg. rat skin aliquots, using the 
methods prescribed aboA'c. 

Man3' diflerent techniques of Avashing off excess ointments prior 
to performing biopsies were tried before it Avas found best to use 
soap and]|AA’arm Avater, folloAA’cd bA* shaving. At least 100 animals 
AA'cre used, and’several|hundred skin anal3’scs performed, before aat 

* AA'o wish to acknowIedRO the assistance of Mr. I. Rusoff, of the Department of 
Physiolopic.al Chemistry, University of Minnesota: nnd Mr. D. Clausen, of Inter- 
national Millinp Company, Minneapolis; who made the determinations on several 
sulfotiamido sohitions. 
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were able to apply an SNA ointment, wash it off immediately and 
find no skin SNA on analysis of biopsies. The technique described 
under “ hletliods” consistently proved satisfactory. 

Table 1.— Recovbky of Kxowk Added SDi,rANii:,VMiDE Fhom Eyt Aliquots 
(80-100 Mg. Wet Weight) 

A/p. Sulfanilamide 


-Added 

Recovered 

0.00 

0 00 

0 01 

0 00995 

0 01 

0 01 

0 02 

0 0195 

0 02 

0 0I9G 

0 03 

0 03 

0 03 . 

0 0299 


Ointment Bases. Seven different ointment bases were arbitrarily 
selected on the basis of their previous usage. Three were of the 
oil-in-water emulsion (0/\V) type, and 4 of the water-in-oil emulsion 
type (W/0). The following ointment bases were used: 


A. Sodium laurj’l sulfate 

1 0 

Stearjd alcohol 

10 0 

Cetyl alcohol 

3 0 

Spermaceti 

10 0 

Glycerol 

10 0 

Water 

GO 0 

B. Liquid petrolatum 

57 0 

Peanut oil . 

3 0 

Triethanolamine 

2 0 

Stearic acid 

4 0 

Cetyl alcohol 

2 S 

Water 

71 2 

C. Stearjd alcohol 

20 0 

Mineral oil 

20 0 

Petrolatum 

60 0 

■Water 

20 0 


W/O 1. “Hydrosorb"* (Abbott). A base consisting of oleic acid, 
white petrolatum, oleic acid ester and amide of diethanol- 
amine. 

2. Equal parts of white petrolatum and lanolin. 

3. “AquBphor”t (Duke). A base consisting of esters of chol- 

esterol mixed with petrolatum. 

4. Cod-liver oil 20 0 

Lanolin 20 0 

Petrolatum 60 0 

* Furnished to us for experimental use by .Abbott Laboratories, North Chicago. Ill- 
t Furnished to us for experimental use by the Duke Laboratories, Inc., Stamford, 
Conn. 


Sulfanilamide powder was incorporated in 1%, 5% and 10% 
concentration in each ointment. 

Results. The results are summarized in Table 2. Each figure 
represents averages of at least triplicate determinations (3 skin 
aliquots) from one piece of skin from each animal for each concen- 
tration of SNA, and for each time. The numbers of animals used 
for each ointment are indicated in the table. A total of .54 animals 
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were used, representing at least 600 separate analyses. In many 
cases more than 3 aliquots were taken from each skin biopsy. 

Table 2.— Penetration of Sulfanilamide (SNA) Into Intact Skin of Guinea 
Pigs From Various Ointments 

Type of emulsion 

Oil-in-\vatcr Water-in-oil 


Ointment base A 

B 

C 

1 

2 

3 

4 

Number of animals ..... 4 

}% SNA ointment — av. mg. per 

100 cc. SNA in skin, after: 

0 

4 

27 

5 

4 

4 

1 day 3.3 

2 days 

4.7 

1.8 

3.7±1.1 

8.0±0.8 

2.3 

1.4 

1.3 

3 days 5.3 

5% SNA ointment — av. mg. per 

100 cc. SNA in skin, after: 

5.5 

3.5 

7.8±2.3 

3.3 

2.3 

2.9 

1 day 4,7 

4.3 

3.3 

5.2 

2.5 

2.0 

2.4 

3 days 5.9 

10% SNA ointment — av. mg. per 

100 cc. SNA in skin, after: 

1 day 

2 days 

3 days 

5.3 

4.5 

10.4 

4.3±1.5 

10.3±1.9 

11.5±2.3 

5.2 

3.0 

4.3 


Scrutiny of Table 2 reveals that SNA penetrates the intact skin 
more from Base 1 (“ Hydrosorb ”) than from the other bases. Since 
this base permitted the best penetration of SNA, we chose it for a 
more exliaustive examination of the effect of time and concentration, 
as indicated by the number of animals used.'^ To demonstrate 
even more strikingly a possible concentration effect, 10% SNA was 
compared in this base, with 1 % for 1, 2 and 3 days. 

It is seen that although there is a tendency for increasing con- 
centration of SNA to cause greater skin concentrations, this effect 
is much less marked and less consistent than the effect of time. 

The second conclusion to be drawn from the results is that there 
is no correlation between the penetration of SNA and the type of 
ointment base used, at least with respect to whether the emulsion 
type was oil-in-water or Avater-in-oil. 

There are individual animal differences, and it was for this reason 
that the large number of animals was used in the case of Base 1 , to 
justify the use of averages. These individual differences are best 
seen by the probable errors expressed for the results for Base 1 , in 
Table 2. 

Discussion. During recent times, many reports have been made 
of the use of topically applied sulfonamides in the treatment of 
pyogenic skin infections, infected burns, and so forth. Variable 
results have been obtained, which have been discussed elsewhere.® *'’ ' 
I'o our knowledge, the present paper presents the first objective 
study of penetration of a sulfonamide from ointments into skin or 
tissue. Heretofore workers in this field have selected ointment 
bases and the concentration of the incorporated sulfonamide purely 
by personal preference. Our results show clearly that this type of 
selection is without meaning, at least with respeiT to wSXA and our 
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special experimental conditions. It would be futile to investigate 
all the numerous ointment bases which have been recommended and 
discussed in the medical literature, by the method herein described, 
since we believe we have shown that there is no logical choice to 
be made on the basis of present knowledge. 

Only a given quantity of SNA is taken up by the skin from the 
bases within a given time period, and this amount cannot be in- 
creased by increasing tlie concentration in the ointment. 

Some preliminarj^ experiments have been performed on intact 
human skin, using techniques identical to the animal work de- 
scribed above. The results have shown that skin concentrations 
obtained with corresponding concentrations of SNA in the same 
bases used are essentiallj' of the same order, justifying in our opinion 
the extension of the results obtained from animal work to the human. 

It is conceivable that an effect of concentration of SNA in an 
ointment could increase the skin penetration, by more frequent 
applications. In our work, only one daily application was made. 

The human experiments are being extended, and will be reported 
at a later date, along with the results obtained with other sulfon- 
amides. 

Summary. 1. The rate of penetration of sulfanilamide into the 
intact skin of guinea pigs from 4 typical water-in-oil and 3 oil-in- 
water emulsion ointment bases has been determined by direct chemi- 
cal analj'ses of skin biopsies, with respect to time and concentration 
of sulfanilamide. 

2. A new method of tissue sulfanilamide analysis has been de- 
scribed, which permits large numbers of analyses of total sulfanila- 
mide to be determined in a relatively short time. 

3. There is no correlation between the penetration of sulfanila- 
mide and the type of ointment base, at least in regard to whether 
the base is of the water-in-oil or the oil-in-water emulsion type. 

4. Increasing the concentration of sulfanilamide in ointment 
bases above 1% has little effect on tissue levels of SNA reached. 

0. Increasing the time of application of sulfanilamide consistently 
increased the tissue levels reached. 

6. Preliminary Jiuman experiments indicate that the results of 
the animal e.xperiments may be justifiably extended to the human. 
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CHOLESTEROL IN THE LUNG AND SERUM OF NORMAL 
PNEUMONIC RATS 

By Arnold Wagner, M.S., M.D. 

AND 

J. Roscoe Miller, M.S., M.D. 

CHICAGO, ILD. 

(From the Department of Medicine, Northwestern University Medical School) 

It is well known that in certain infections the concentration of 
cholesterol in the serum undergoes characteristic changes. This 
has been borne out by the work of Denis® and Kipp^ among the early 
workers and subsequently by Shope,“ Marino,'^ McQuarrie and Stoes- 
ser,®-'® Stoesser,^^ and Steiner and Turner^® and others. The latter 
authors generally found that the change in total serum cholesterol 
concentration is due to variations in the ester fractions, the free 
fraction remaining fairl}^ constant. Some of the writers and notably 
Kipp have speculated that the change reflects a mobilization of 
cholesterol from the blood stream to the site of infection. As the 
only direct evidence supporting this thought we ha^T the report of 
Kubota® Avho states, in a very brief r^ume of his work, that in the 
pneumonic tissue of the rabbit the total cholesterol concentration 
was “remarkably increased.” Suggestive evidence is seen in the 
work of Christian® who found two distinct types of fat in pneumonic 
exudations. Indirect evidence suggesting a mobilization of choles- 
terol in infection appears in the work of Boyd* who found an increase 
of free cholesterol in the leukocytes of the circulating blood during 
infections, and in the report of Frola^ who noted a general diminution 
in the ester cholesterol of the viscera during the course of experi- 
mental peritonitis. 

It Avas the purpose of this experiment to study simultaneouslA' 
the changing status of free and ester cholesterol in the serum and 
diseased tissue of rats in Avliicli experimental pneumococcus lobar 
pneumonia has been induced as an anatomically localized, readily 
accessible infection. 

Materials and Method. The experiment Avas perfonned upon adult 
male albino rats supplied from a Avell-inbred coIoua- and ransinp: in weiglit 
from ISO to 270 gm. The animals were fed the regular stock diet used in 
this laboratoiy and receh'ed Avater ad libitum. 

A Tj'pe III pneumococcus culture A\'as supplied by Dr. Francis Gunn, 
in whose laboratory this strain has serA'cd for years in the production of 
.satisfactoiy rat pneumonias. 

Pneumonia Avas induced in the animals by the technic of Xunge.stcr and 
•lourdonai.s.® 

Serum cholesterol determinations AA'ere done by the method of Selioen- 
heimor and Speny.’® The modification of Sturges and Knud.'-on’-' wa.- 
employed for the estimation of tissue cholesterol. 

Procedure. The rats A\-cre inoculated in three groups. At inteivals 
i^paeed to folloAv the known course of the disease, groups of animals were 
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killed. Just prior to killing, several cc. of blood was withdrawn from each 
by cardiac puncture to suppl}'^ material for serum cholesterol determination. 
The entire lobe in which the consolidation appeared was removed for 
analysis. 

Results. A. Normal Controls. Serum cholesterol fractions in 
26 normal animals are shown in Table 1. The mean value for free 
cholesterol is seen to be 13.3 mg. per 100 cc., with a standard devia- 
tion of =i=2.131 mg. per 100 cc. The mean value for total cliolesterol 
is 49.7 mg. per 100 cc., with a standard deviation of ±7.36 mg. per 
100 cc. The mean free in total ratio is 26.7% with a standard 
deviation of ±2.61%. 


T\ble 1 . — NoR-«.\n C0NCENTIU.T10N OF Cholesterol in the Serlm 


Rat No 

Free 

(mg. per 100 cc.) 

Total 

(mg. per 100 cc.) 

Free in total 
% 

1 

10 6 

42 2 

25 1 

2 

14.3 

52 2 

27.3 

3 

14 8 

57.7 

25 7 

4 

15 5 

54 S 

2S 2 

5 

15 1 

54 9 

27 5 

6 

14 7 

5S 2 

25 3 

7 

11 0 

41 5 

26 5 

S 

10 6 

36 6 

29 S 

9 

14 0 

49 0 

28 6 

10 

11 0 

34 4 

32 0 

11 

13 5 

54 0 

25 0 

12 

11 5 

49 0 

23 5 

13 

14 1 

55 4 

25 5 

14 

14 0 

52 0 

26 9 

15 

13 0 

46 S 

27 S 

16 

16 4 

53 6 

30 3 

17 

12 7 

47 3 

26.9 

IS 

12 4 

49 0 

25 3 

19 

16 0 

5S 0 

27.6 

20 

19 3 

60 4 

31 9 

21 

13 2 

57 4 

23 0 

22 

14 1 

62 9 

22 3 

23 

11 2 

53 3 

21 0 

24 

10 7 

43 0 

25 0 

25 

13 6 

50 S 

26 S 

26 

10 5 

38 6 

27 2 

Mean 

. 13 3 

49 7 

26 7 

St.andard dev. 

. . ±2 131 

*7 36 

±2 61 


Tissue cholesterol fractions in 13 normal left lobes are shown in 
Table 2. Because of the difference in size of the animals the vahie.s 
have not been treated statistically but it is elear that in the range of 
sizes employed in this experiment tlie total amount of cholesterol 
in the left lobe is well in excess of 1 mg. and less than 2 mg. How- 
ever, the per cent of ester in total cholesterol is independent of the 
cpiantity of tissue analyzed and so has been treated statistically. 
The mean ester/total ratio for 13 left lobes and three groups of right- 
sided lobes is 3.69%, with a standard deviation of ±1.S4%. 

Tissue cholesterol data are reported as absolute amounts 
than mg. per unit dry weight owing to the fact that technical dini- 
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culties in drjang the consolidated lobes made the latter figures 
unreliable. 


Table 2. — Normal Concentration op Cholesterol in the Left Lobe 



Free 

Total 

Ester in total 

it No. 

(mg.) 

(mg.) 

% 

1 

1 47 

1 59 

7 5 

2 

1 59 

1 67 

4 8 

3 

1 72 

1 86 

7 5 

4 

1 67 

1 81 

7 5 

6 

1 60 

1 69 

5 7 

6 

1 83 

1 90 

4 2 

7 

1 56 

1 62 

3 7 

8 

1 56 

1 68 

6 8 

9 

1 69 

1 80 

5 9 

10 

1 60 

1 78 

9 8 

11 

1 51 

1 59 

5 4 

12 

1 83 

1 97 

6 8 

13 

1 76 

1 86 

5 7 

Mean 

1 64 

1 74 



Right Lobes 



A 

3 00 

3 14 

4 6 

B 

2 94 

3 05 

3 8 

C 

3 41 

3 60 

5 5 

Mean 



5 69 

Standard deviation 

• > • 


±1 84 


(Rat A above was a normal animal. Rats B and C had extensive left lobar con- 
solidations and apparently normal right-sided lobes.) 


B. Pneumonic Animals, In about half the animals the inoculat- 
ing catheter slipped into the lobe situated behind the heart rather 
than the left lobe. This made a considerable difference in the quan- 
tity of tissue being analyzed in each case, the former being a much 
smaller lobe. For this reason the tissue results are reported sepa- 
rately. Howe^mr, for the general purposes of tins e.xperiment it 
made little difference where the consolidation was located. The 
sites and estimated extents of the pneumonias which served as 
material for this report are given in Table 3. 

Table 3. — Sites and Extents of the Consolidations 


Involvement, 

% 

Left lobe 

Post-cardiae 

lobe 

100 to 75 

4 

10 

75 to 50 

4 

4 

50 to 25 

7 

5 

css than 25 

2 

1 


The behavior of the serum cholesterol fractions is shown in 
Figures 1, 2 and 3. The data are superimposed on the previously 
established normal means and bands describing =±=3 standard devia- 
tions from those means. It is seen that there are no statistically 
significant changes in either of the fractions despite a clearly ex- 
pressed tendency toward diminution of the ester fraction (rising 
free in total ratios) early in the course of the disca'jc, best shown in 
Figure 3. 
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Discussion. In each group of animals some degree of consolida- 
tion existed in all subjects and on any given day the age of the lesions 
was constant, but in no 2 animals was the extent of the consolidation 
identical. Since the entire lobe was analyzed in each case, it follows 
that within certain limits the tissue ester in total ratio was affected 
by “dilution” with variable amounts of normal lung tissue. Such 
tissue has been shown in Table 2 to contain about 95 % cholesterol 
and 5% esters. While this variation is noteworthy, the total 
amounts of cholesterol recovered from the pneumonic lungs when 
compared with the total amounts recovered from the normal lungs 
make it relatiAmly of less importance. 
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Fig. 3. — Seriim-free/total cholesterol ratios during rat pncumonins. Mean of 

2G normals =*=3(7. 


The fact that the serum cholesterol was frequently normal despite 
extensive accumulations of cholesterol in the lung suggests that the 
serum is not the ultimate source of the sterol. If involved at all it 
probably operates as an agent in the transport from tissue depots, 
and, in certain subjects, maintains a normal serum-free/ester 
equilibrium in doing so. It is noted that only the lung was analyzed 
in this study. 

As to the origin of the cholesterol that accumulates in the diseased 
tissues it is jirobable that multiple sources are involved. The red 
blood cells, the leukocytes and the serum that find their way into 
the exudate all are known to contain generous quantities of choles- 
terol, chiefly in the free state. 

There is no pre.sent explanation for the daily increase in the ester 
fraction of the tissue cholesterol. Unless one is to postulate a selec- 
tive retention of esters from the ))Iood circulating through the con- 
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solidated area, one must consider the possibility of enzymatic action 
to explain the progressive apparent esterification. This possibility 
is tlie subject of further work currently being done in this laboratory-. 
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Pio. 0. — Ester/total ratio of cholesterol in pneumonic lobes arranged by days after 

inoculation (rats). 


Summary and Conclusions. Pneumococcus lobar pneumonia was 
induced in healthy adult albino rats. On specified days after inocu- 
lation, groups of the animals were bled from the heart and killed. 
The sera and diseased lobes were analyzed at once for the cholesterol 
fractions. 

Except for occasional instances early in the course of the disease 
both free and total cholesterol in the serum remained unchanged. 

There was a tendency for the proportion of ester to free cholesterol 
in the serum to fall. This is expressed as a trend toward increasing 
Iree in total ratios early in the course of the disease. 

There was a striking absolute increase in the total cholesterol 
present in the diseased lobe during the course of the pneumonia. 
I’his increase involved botli free and ester fractions but not in equal 
or constant degrees. 

'I'here was a progressive increase in the proportion of ester choles- 
terol in the diseased lung during the course of the disease. 
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There are few drugs which have been studied more e.\tensivel.\' 
in the pharmacoiogic iaboratory than has adrenaiine and yet many 
phases of its therapeutic action are incompleteiy understood. One 
of these is its relief of symptoms in several types of allergic reactions. 
In recent years, a number of papers liai’e been published in which 
it has been shown that I’ariations in water metabolism may affect 
the development of allergic reactions.® *- ^ '® ’' The suggestion in 
these and related reports is that changes in water balance do not 
cause allergic reactions but may affect the suscepfibiliiii of the body 
to allergens. The hypothesis is succinctly stated by Keriff- as, 
“Water and salt retention will favor the development of allergic 
reactions.” While not all agree with Kern’s generalisation, yet 
there seemed to be sufficient ei'idence to warrant a .study of the 
effect of adrenaline and related sympatiiominietic amines upon 
water metabolism. 

The most commonl,y known effect of adrenaline upon body water 
is its diuretic-antidiuretic reaction originally dcscrii)ed by Bardicr 
and Fraenkel in 1899. This reaction has been demonstrated in most 
vertebrates except the aglomeruiar fislics’* and is composed of two 
reactions, an initial renal vascular reaction of iwief duration ami 
secondly a more prolonged effect upon Imrly water-salt metabolism. 
The initial antidiuretic-diurctic renal vascular reaction is well 
known and is related to the marked sensitivity of the renal i)lood- 
vessels to adrenaline. The second reaction exteiifis over a period 
of 1 or 2 hours or more, and «iuring it there is a rcfiistributioii of 
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water and salt in the body. The exact changes vary with species 
of animal, dosage of adrenaline, the state of water balance and other 
factors. In essence, however, there occurs a loss of water and cer- 
tain salts from blood and tissues due to an increased output in urine 
and possibly other channels of excretion.^'^’®’®'^°’“’^®’^®’^® 

In previous reports, the effect of adrenaline upon winter metab- 
olism has been described in terms of its effect upon the rate of urine 
formation. Changes in total body water do not necessarily parallel 
changes in the rate of urine formation, and the object of the present 
investigation was to measure the effect of adrenaline upon total 
body water. If allergic attacks are associated with retention in 
tissues of body water, as suggested by Kern^- and others, then 
adrenaline might conceivablj'^ improve the symptoms if it were to 
have a dehydrating effect. This latter wms found to occur. 

The animal selected for this study was the frog because it has a 
\'ery labile water metabolism. In most higher vertebrates, water 
conservation is so well developed that it is difficult to demonstrate 
small effects upon total bodj'’ water. In the frog, the exchange of 
body water may be as great as 5% of its body weight per hour.® 
Several authors have previously reported that adrenaline has no 
effect upon the total body water of frogs* ®’’ but their studies were 
limited to few animals and a narrow range of doses. As the studies 
herein reported progressed, it became obvious that a wide range of 
doses of adrenaline would have to be studied and that large num- 
bers of animals would be needed to bring out the relatively minor 
and variable dehj^drating effect of small doses of the drug. 

Leopard frogs, Rana pijyiens, were used. The animals were 
acclimatized to room temperature in water overnight, then taken 
out of water, the urine expressed, the skin carefully dried and body 
weight determined to the nearest 0.1 gm. on a trip scale balance. 
Adrenaline hydrochloride in various doses, dispensed in its pharma- 
copeial (B.P.) vehicle, was injected into the dorsal lymph sac. 
Control animals received the same volume of the vehicle without 
the adrenaline hydrochloride. The frogs were then placed in 400 ml. 
beakers covered with weighted glass shields and body weight deter- 
mined again at liourly intervals. From 25 to 75 frogs were used 
to find the effect of each dose of adrenaline hydrochloride. The 
doses studied were from 10“’® to 100 mg. per kilo body weight at 
geometric increments of 10. 

Doses of adrenaline hydrochloride less than 10~’® mg. per kilo 
body weight had no effect upon body water. Doses of adrenaline 
liydrochloride from 10“*® to 10“® mg. per kilo had no consistent 
efleet upon body water for 1 hour, but in the second hour they con- 
sistently increased the loss of body water by from 20% to 40%. 
Ihese results are shown in Figure 1, in which the mean difference 
m the loss of body water in frogs given adrenaline liydrochloride 
over tliat in the controls has been exjiressed as a percentage of the 
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loss of water in the controls. After the second hour, there again 
was no consistent effect of adrenaline upon body water. 



Fio. 1 — The effect of small doses of adrenaline hydrochloride upon the rate of loss 
of total body water in frogs. 



o —The effect of pharmacopeia! and larger doses of adrenaline liydrochlondc 
upon the r.ate of loss of total body water in frogs. 
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In the larger doses, adrenaline produced an immediate increase 
in the loss of body water during the first hour after administration 
as seen in Figure 2. The increase varied from 25 % greater than the 
control value in frogs receiving 10~^ and 10~® mg. per kilo body 
weight of adrenaline hydrochloride, to as much as 175% greater 
than the control loss of body water in frogs receiving 100 mg. of 
the drug per kilo. After the first hour, adrenaline had less con- 
sistent effects, tending in most groups to have a slight hydrating 
effect. The recommended pharmacopeial dose of adrenaline hydro- 
chloride corresponds in man to about 10”^ or 10~® mg. per kilo sub- 
cutaneously, doses which in frogs caused a definite increase in the 
loss of body water. 

These results indicate that adrenaline causes in the frog a stimu- 
lation of the loss of body water which may extend over from 1 to 
2 hours. The beneficial effect of adrenaline in allergic disorders 
may perhaps be explained as, in part at least, a stimulation of 'ivater 
loss. The failure of adrenaline therapeutically in certain allergic 
reactions or allergic-like reactions such as salicylism may be due to 
such reactions being not necessarily associated with water reten- 
tion because, of course, water retention is not the only factor con- 
cerned in allergic reactions. 

Seasonal Variations. Reactions involving shifts in body water 
often vary with the seasonal shifts in body water. Thus, for 
example, the Brunn reaction in frogs, which consists of an uptake 
of body water by frogs kept in water when injected with posterior 
pituitary extract, disappears almost entirely in the cold winter 
months in this locality. With this seasonal variation in mind, 
adrenaline hydrochloride was given at approximately monthly 
intervals to groups of 30 frogs at varying doses over a period of 
1 year. The dehj'^drating action of adrenaline could be demonstrated 
and to the same degree with corresponding doses at all seasons of 
the year. 

Ergofo.vinc Ethanesul-pJioyiate. Experiments were next designed 
to find if ergotoxine ethanesulphonate would inhibit or reverse the 
dehydrating effect of adrenaline in frogs and the mean results have 
been charted in Figure 3, Ergotoxine ethanesulphonate alone was 
injected subcutaneously into a total of 312 frogs in doses of from 
10“^ to 100 mg, per kilo body weight with the result that tiiere was 
a consistent retention of body water over a period of 2 hours with 
all doses, an effect the opposite to that of adrenaline. In a second 
series of frogs, the animals were given injections of similar doses of 
ergotoxine ethanesulphonate and then an injection of adrenaline 
I'vdrochloride of 1 mg, per kilo body weight. In these latter experi- 
ments, the ergotoxine reduced to some e.xtent the dehydrating 
effect of adrenaline but did not completely inhibit it nor reverse it. 

Ergotamine Tartrate. In contrast to the hydrating effect of ergo- 
toxine, ergotaminc had no consistent effect upon frog body water in 
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subcutaneous doses of from lO'^ to 10 mg. per kilo body weight. 
In e.xperiments upon some 300 frogs, there were no significant 
changes in body water with these doses of ergotamine tartrate which 
was used in tl)e form of Gynergen, N.N.R. Nor did ergotamine 
have anjf effect upon the dehydrating action of adrenaline in experi- 
ments arranged as described for ergotoxine. 



Fig. 3. — The effect of ergotoxine upon the rate of loss of total body water in frogs 
and upon the dehydrating action of adrenaline hydrochloride. 

The difference in the response of frog bodj' water to ergotoxine 
on the one hand and to ergotamine on tlie other is of considerable 
interest pharmacologically because these two alkaloids are almost 
identical in a qualitative, pharmacologic sense and differ only in « 
few reactions quantitatively. Clinically, the two drugs are used 
for almost identical purposes, except in the therapy of migraine 
where ergotamine is the drug of choice. Migraine is classified by 
many as an allergic disease and, if Kern’s hypothesis is correct, the 
above findings may indicate at least one reason why ergotamine is 
used apparently in preference to ergotoxine clinically in migraine. 
That is, while ergotamine does not dehydrate like adrenaline, it 
does not hydrate like ergotoxine, which latter would presumably be 
an advantage in migraine. 
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Eiiheclrine Hydrochloride. Epliedrine hydrochloride was given 
hypodermically to 330 frogs in the same manner as adrenaline 
hydrochloride and inidoses of from to 100 mg. per kilo body 
weight. It had no sgnificant effect upon the rate of loss of body 
water, 

Beiaphenyl-n-propylamine Hydrochloride. Epliedrine is a deriva- 
tive of betaphenyl-isopropylamine and adrenaline of betaphenyl- 
ethylamine. The corresponding n-propylamines have not been 
studied to the same extent. One of these latter, betaphenjd-n-pro- 
pylamine hydrochloride was placed at our disposal by Dr. E. Gifford 
Upjohn of the Upjohn Company with data suggesting that it might 
be useful in the therapj'" of bronchial asthma. It was injected into 
frogs in doses of from 10~- to 100 mg. per kilo body weight in a 
manner similar to that with adrenaline hydrochloride. In tJie larger 
doses of 10 and 100 mg. per kilo, it produced an increased loss of 
i)ody water which averaged 30% greater than the loss .of body water 
nn the controls during the first hour after injection. This effect 
corresponded to that of adrenaline l^ydrochloride in doses of about 
10~3 or 10“^ mg. per kilo body weight. In doses of 1 mg. per kilo 
and less, this n-propylamine had no consistent effect upon body 
water. The drug was thus similar qualitatively but not quantita- 
tively to adrenaline in its effect upon bodj^ water. 

Summary. Adrenaline hydrochloride was found to have a de- 
hydrating effect in the frog. Doses of from 10~’- to 10“^ mg. per 
kilo body weight speeded up by from 20% to 40% the loss of body 
water during the second hour after subcutaneous injection. Larger 
doses up to 100 mg. per kilo body weight increased the loss of body 
water during the first hour after injection by amounts up to nearly 
200% of the water loss of controls. 

Ergotoxine ethanesulphonate had the opposite effect, causing a 
retention of body water for a corresponding period and when gi\'en 
with adrenaline hydrochloride, it decreased to some extent, but did 
not eliminate or reverse the dehydrating action of adrenaline. 

Ergotamine tartrate and epliedrine hydrochloride in corresjiond- 
ing doses had no effect upon frog body water. 

Betaphenyl-n-propylamine hydrochloride had a dehydrating effect 
similar to that of adrenaline hydrochloride but requiring relatively’ 
much larger doses to yield a corresponding effect. 

'Phe possible relation of these findings to the use of adrenaline in 
allergic states is discussed. 

Thp autliors wish to acknowledge with thanks the coopenUion. financial and 
otherwise, of Mr. C. H. Wilkins of the British Drug Houses (Canada) Limited, of 
Dr. E. G, Upjohn of the Upjohn Company and of the Wingate Chemical Company of 
Montreal. 
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Parfeatjev® recently published an observation that by a salting- 
ont procedure there could be obtained from rabbit plasma a pseudo- 
globulin fraction having marked coagulation activity on norma! 
human oxalated blood. We have investigated this pseudoglobulin 
fraction and have sbown that it is tbrombic in nature,® can be used 
as an excellent hemostatic in small wounds- and is effective in 
decreasing the coagulation time of tlie circulating blood when 
administered by mouth in relatively large doses.® The present 
communication presents evidence that the same material can be 
obtained from the plasma of human, steer and swine blood.* 
Methods. Blood was obtained directly from the jugular veins of 
steers and collected in an equal volume of 2.5% sodium citrate in 
0.9% sodium chloride. The blood was centrifugalized, and the 
supernatant plasma drawn off. In most instances, a mixture con- 
taining equal parts of ether and phenol was added as a preservative, 
10 ml. of this preservative being added for each liter of plasma. 
Human plasma likewise contained this preservative. 

* In a letter dated December 29. 1941, Dr. A. G. Hogan of the University of 
Mi^couri reported to us that he had obtained, using our methods, an active thrombin 
preparation ha\-ing 20 Smith units per mg. of nitrogen from oxalated swine blood. 
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Two samples of swine plasma were obtained tlirough the courtesy 
of the Lederle Laboratories. One of these plasmas was prepared 
by mixing 30% potassium oxalate with blood in the proportion of 
1 to 100. The other sample of plasma contained 6% of a 46% 
solution of sodium citrate as an anticoagulant. No preservative 
was present in either preparation of swine plasma. 

The procedure used was that of Parfentjev® as standardized in 
this laboratory® for the preparation of rabbit thrombin. Except 
where variations were made for reasons discussed below, the beef, 
human and swine plasmas were precipitated 3 times with 20% 
ammonium sulphate; the combined filtrates precipitated twice with 
30% ammonium sulphate; and the final precipitate dissolved in a 
small amount of distilled Avater and dialyzed against running tap 
water for 48 hours. 

After dialj'sis for 48 hours the contents of the cellophane sacks 
were filtered to remove the euglobulin precipitate which AA-^as always 
present. The filtrate was adjusted to pH 5.3 with approximately 
normal lactic acid and the mixture was alloAved to stand in the 
refrigerator oA^ernight. On the folloAving day it Avas filtered. The 
precipitate AA^as redissoNed in 0.1% sodium chloi’ide and Ij^ophilized 
in Aveighed bottles. The filtrate, or portions of it, AA’-ere usually also 
lyophilized. When used in quantitative experiments, the dried 
material A\^as redissoh^ed in sufficient amounts of 0.9% sodium 
chloride solution to give a concentration of total solids of 12%. 

Experimental. In order to study thrombic actiAuty quantita- 
tiA^ely, 1 : 10 or 1 : 100 dilutions AA^ere made from the sodium chloride 
solutions prepared to contain 12% total solids. Citrated normal 
human plasma AA^as used as a source of fibrinogen. One milliliter of 
plasma AA'as pipetted into each of a series of beakers and diluted AAuth 
30 ml. of 0.9 % sodium chloride solution. A'arying amounts of diluted 
pseudoglobulin preparations AA^ere added, and the amount of precipi- 
tated fibrin AA^as determined. The fibrinogen content of the plasma 
AA'as also determined bj- a modification of Cullen and Van Slyke’s 
method of recalcification,^ 

When the standard procedure for preparing rabbit pseudoglobulin 
Avas applied to beef plasma Avithout isoelectric precipitation, it Avas 
found that tlie amounts of material required to coiiA’ert fibrinogen 
to fibrin in normal human plasma contained much higher nitrogen 
eoncentrations than in those experiments in AA'hich rabbit pseudo- 
globulin AA'as used. In order to eliminate the large amount of 
inactive nitrogenous material apparently present in the beef prepara- 
tion, tAA'o isoelectric precipitations at pH 5.3 were done. Both fil- 
trates and botli precipitates AA'ere found to possess some thrombic 
activity. The second precipitation increased the activity only A’cry 
slightly and decreased the yield of thrombic material considerably. 
.•Vfter one isoelectric precipitation a material is obtained which is 
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usually as potent in promoting blood coagulation as rabbit thrombin 
without any isoelectric purification. 

Table 1 shows a typical conaparison of rabbit globulin with beef 
globulin prepared in the same manner and with beef globulin isn- 
electrically precipitated at pH 5.3. 


Table 1 — Comp^hison or Rabbit Globulin With Beep Globulin 


Source of thrombin 

Mg thrombin 
nitrogen added 

Mg fibrin 

to 1 ml ph-ima 

precipitated 

Rabbit pl.asma standard procedure 

0 01 

1 54 


0 02 

1 S9 


0 03 

2 25 

Beef plasma standard procedure 

0 11 

1 10 


0 21 

2 40 


0 32 

2 22 


0 53 

2 50 

Beef plasma after isoelectric precipitation 

0 007 

1 79 


0 01 

3 07 


0 07 

3 42 


Two samples of .swine plasma were treated in the same manner 
as that described for beef plasma, and materials were obtained 
possessing similar thrombic activity. Table 2 shows a comparison 
of these two preparations with one made from rabbit plasma. 


Table 2 — Compabison or Rabbit Globulin With Smive Globulin 



Mg thrombin 
nitrogen added 

.Ifg fibrin 

Source of thrombin 

to 1 ml ph‘.ma 

precipitated 

Rabbit plasma standard procedure 

0 01 

1 01 


0 03 

2 01 


0 07 

2 77 

OAal.ated snine plasma after isoelectric 

precipitation 0 01 

1 54 


0 02 

2 .3S 


0 05 

2 7S 

Citrated snine plasma after isoelectric precipitation 0 OOG 

2 7G 


0 01 

3 57 


0 02 

3 73 


The pseudoglobulin fraction of Parfentjev was also prejjared from 
human plasma. The pseudoglobulin obtained was thrombic in 
nature, but the potency of the preparation in relation to precipita- 
tion of fibrinogen was much less than similar preparations from 
rabbits, swine or steer plasma. A typical assay is shown in Tabic 3. 


Table 3 - 

-PoTEvcv OF Human Thromiiin 

Mg thromliin 



added to 

Mg filuinogia 

Source of thrombin 

1 in! piasina 

preeipitatcd 

Human plasma 

0 05 

0 03 

0 10 

1 .30 


0 20 

1 .34 


Parfentjev^ in his original procedure conducted the salting-mit at 
a temperature of 37° C. or at room temperature. Because of the 
possibility of denaturation of proteins at the.se temperature.s, it 
seemed of interest to investigate the efi’ects of low tempcrature.s on 
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the reaction. Therefore, one preparation of beef pseudoglobulin 
was made at about 4° C. The material obtained possessed throm- 
bic activity similar to that of those beef preparations in which 
ammonium sulphate precipitation was carried out at 37° C. (Table 4). 

The origin of thrombic activity derived from calcium-free plasma 
remains obscure, but some observations directed at a solution of 
this problem may be reported at this time. 

Since a relationship between blood platelets and blood coagula- 
tion has been suggested for many years, an investigation was made 
of the thrombic acti^dty of pseudoglobulin fractions prepared from 
beef plasma from which platelets had been removed. Berkefeld 
filtration and centrifugation were both used as methods of remo\'ing 
platelets. Two preparations were made on beef plasma after it had 
been passed through a Berkefeld filter. One of these possessed no 
thrombic activity, and the other was only slightly active (Table 4). 

Two samples of beef plasma were then centrifugalized in an angle 
head centrifuge at 4200 r.p.m. to remove platelets, and the resulting 
plasma used for preparations of pseudoglobulin. In 1 instance the 
platelets were reduced from 128,000 to 8000 per c.mm. The final 
product possessed only slight thrombic activity. The second sample 
was centrifugalized after the addition of ether-phenol presein'ative. 
The platelets in this preparation were reduced from 26,000 to 6000 
per c.mm. The final product was one of the most potent prepara- 
tions made from beef plasma (Table 4). 

Recent observations in this laboratory* show that after the addi- 
tion of certain organic solvents to plasma a globulin may be iso- 
electrically precipitated which Avill coagulate oxalated plasma. In 
consideration of this finding, it seemed possible that ether and 
])henol used primarily merely as a preservative might actually be 
important factors in the production of thrombic activity. ]\Iore- 
over, in one experiment cited above, it was observed that plasma 
made poor in platelets after the addition of phenol and etlier was 
very active, whereas removal of platelets before the addition of 
these substances apparently decreased the thrombic actix-it^-. To 
further investigate the effects of the ether-phenol preservative, one 
preparation of beef pseudoglobulin was made from which the 
preservative was omitted. The resulting material was of only fair 
potency as shown in Table 4. However, both the preparation.s 
made from swine plasma were without preservative of any kind, 
and both of these were very similar in thrombic acti\'ity to the 
most potent beef pscudoglobulins. As swine plasma was never 
used in this laboratory with phenol and ether, no comparison can 
be made for that species. 

If calcium ions were present as an impurity during the preparation 
of the pseudoglobulin fraction, it is conceivable that reaction with 
the thromboplastin and prothrombin of the plasma might occur 
resulting in thrombic activity. In order to eliminate calcium ions 
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from the reaction, one preparation of beef pseudoglobulin was made 
in which the saline was heavily oxalated at each step of the pro- 
cedure, as shown in Table 4. The material thus prepared possessed 
some thrombic activity, but was much less active than those made 
bj’- the standard procedure. 

Table 4 presents the results obtamed when preparations made 
witli the variations described above were tested with normal human 
plasma. 


Table 4. — V.ariatioxs ix Pbepahatiox or Beef PsBnDOGLOBULix Tested With 
Normal Homax Pl.\sma 


Modifications in preparation 

Mg. thrombin 
nitrogen added 

Mg. fibrin 

to 1 ml. plasma 

precipitated 

Beef plasma standard procedure 

. 0 00“ 

2 22 


0 014 

2 92 


0 028 

3 39 


0 070 

3 62 

Temperature 4° C 

. 0 007 

0 35 


0 014 

2 21 


0 02S 

2 62 


0 070 

2 SS 

Berkefeld plasma, Experiment 1 

0 52 

2 45 


1 04 

2 S4 


2 OS 

3 12 

Berkefeld plasma, E.xperiment II 

. 4 36 

0 00 

Platelets removed by centrifugation 

1 S3 

1 29 


3 65 

1 S5 

Platelets removed by centrifugation after phenol- 
ether 

. 0 OOS 

2 00 


0 016 

2 09 


0 031 

3 00 


0 079 

3 15 

Ether-phenol omitted 

. 0 11 

0 54 


0 21 

2 2S 


0 53 

2 43 

Calcium ion excluded 

. 0 13 

1 47 


0 26 

2 53 


0 65 

3 15 

Discussion. When beef plasma and swine plasma are 

used as 


sources of a globulin fraction possessing thrombic activity, other 
nitrogen-containing fractions not effective in the coagulation of 
blood are present in larger amounts than in similar material pr^ 
pared from rabbit plasma. Therefore, purification by isoelectric 
precipitation is necessary in order to obtain material possessing 
thrombic concentration equal to that of rabbit pseudoglobulin. 

Apparently it is unnecessary to keep plasma at 37° C. during 
precipitation with ammonium sulphate. When the procedure was 
carried out in a refrigerator or in running tap water at about 4° C., 
the globulin fraction prepared possessed appro.ximately the same 
amount of thrombic activity as those samples prepared at 37° _C. 
It seems probable that the method could be simplified by carrying 
it out at room temperature without loss of thrombic activity. 

An attempt to investigate the relationship between platelets and 
the thrombic activity of beef pseudoglobulin indicates that the 
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platelets may play an important role. Table 4 shows that with 
pseudoglobulin prepared from Berkefeld or centrifuged plasma, 
nearly 100 times as much “thrombin” nitrogen was required to 
precipitate fibrin from normal human plasma as was necessary when 
platelets were present in normal amounts. In fact, one sample of 
Berkefeld plasma was completely inactive e^’'en when the nitrogen 
content of the pseudoglobulin used was several hundred times as 
great as that usually’' required. It is, of course, difficult to deter- 
mine whether it is the removal of platelets alone by Berkefeld filtra- 
tion which reduces the potency or whether other necessary factors 
are also removed. 

When phenol and ether were added to plasma before centrifuging 
to remove platelets, an active clotting globulin was obtained, as 
shown in Table 4. The explanation of this might be that the 
platelets had already been affected by the ether and phenol before 
centrifuging so that the necessary part of the platelets was in solu- 
tion despite the fact that a count showed very few platelets to be 
present. 

As further evidence of the reaction of ether and phenol, it may be 
seen from Table 4 that when no preservative was used, more than 
10 times the usual amount of “thrombin” nitrogen was required to 
precipitate fibrin. 

In the one experiment in which oxalated saline was used to 
eliminate calcium ions as a reagent impurity during the preparation, 
material of reduced thrombic activity was produced. Table 4 shows 
that roughly 10 times as much nitrogen was needed in the samples 
of this particular pseudoglobulin preparation as in the standard 
samples in order to precipitate equal amounts of fibrin. 

Summary. 1. Beef plasma and swine plasma may be used as 
sources of a pseudoglobulin possessing thrombic activity similar tt) 
tliat in rabbit plasma. The beef and swine preparations require 
more purification in order to obtain acti^dty equal to that derivcfi 
from rabbit plasma. 

2. In the preparation of a beef globulin fraction possessing throm- 
bic activity, the fractionation of proteins with ammonium sulphate 
may be carried out between 4° and 37° C. 

3. The thrombic activity of beef pseudoglobulin is diminished in 
plasma which has been passed through a Berkefeld filter or made 
poor in platelets by rapid centrifugalization unless ether and phenol 
have been added previously to the plasma. 

4. Ether and phenol, used originally only as a preservative, 
appear to play some part in the formation of thrombic activity of 
beef pseudoglobulin, although potent material has been prepared 
from swine plasma without this prescr\-ative. 

0 . When oxalate is added to exclude the possible effect of calcium 
ions on the preparation of beef pseudoglobulin, a material is ob- 
tained which possesses diminished tlirombic activity. 
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G. Human plasma when treated by Parfentjev’s procedure yields 
a pseudoglobulin ha^’ing the properties of thrombin. The two 
samples of plasma used in this study did not produce as active a 
product as either rabbit, swine or beef plasma. 
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EXPERIMENTAL RIBOFLAVIN DEFICIENCY IN MAN 

By John J. Boehrer, i\I.D. 

ASSISTANT PROFESSOR IN MEDICINE AND PBEVENTn'E MEDICINE AND PUBLIC HEALTH, 
AND PHYSICIAN, STUDENTS’ HEALTH SERVICE 

Charles E. Stanford, IM.D. 

CLINICAL INSTRUCTOR IN OPHTR,<LMOLOGY AND CONSULTING OPHTHALMOLOGIST, 
STUDENTS* HEALTH SERVICE 

AaND 

Elizabeth Ry.an, B.S. 

DIETITL^N, students’ HEALTH SERVICE, UNIVERSITY OP MINNESOTA 
MINNEAPOLIS, MINN. 

Following the original descriptions of the syndrome of ribofla\'in 
deficiency in man by Sebrell and Butler,® and its experimental dupli- 
cation by them,® Kruse, Sydenstricker, Sebrell, and Cleckley''’ 
demonstrated the occurrence of superficial keratitis in riboflai’in 
deficiency. Their findings were similar in man\’ respects to the ocular 
changes in riboflavin-deficient animals described by Bessey anfl 
Wolbach,^ and Eckhardt and Johnson."' Further work In' the original 
investigators has served to confirm their earlier obser\'ations and 
has led to their conclusion that “at the present time it seems that 
superficial vascular keratitis is the earliest and most common visible 
manifestation of riboflavin deficiency as well as a rather reliable 
index of early deficiency of the B group of vitamins."^ 

The work of these ini'estigators is of fundamental imjiortance. 
suggesting as it does a clinical method of some precision in the 
diagnosis of deficiency disease. 

It seemed to us important, therefore, to determine if possilile the 
time relationships in the development of this clinical sign. .Accord- 
ingly the following experiment was undertaken. 

Methods. Since 19.39 the Students’ Health Service of the J ni- 
versitj' of Minnesota has provided a diet table for the benefit of 
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those students requiring dietary management for an^'^ cause, chiefly 
obesity, diabetes mellitus, and peptic ulcer. A detailed description 
of its operation has been published elsewhere.^ From the group 
receiving their meals at this diet table, 6 volunteers, 1 male and 
5 females, were chosen for this study. Their status prior to the 
experimental period may be tabulated as follows: 


Table 1. — Status of Volunteers 


Name 

Sev 

Age 

Reason for 
prior dietary 
treatment 

% of standard 
weight 

Duration of 
prior dietary 
treatment 
(days) 

L. M. 

M 

23 

Obesity 

137 

79 

M. B. 

F 

IS 

Obesity 

135 

147 

F. D. 

F 

29 

Obesit 5 ’- 

143 

95 

E. L. 

F 

25 

Obesity 

134 

15 

J. G. 

F 

18 

Obesity 

127 

82 

J. H. 

F 

19 

Obesity 

133 

91 


All of these individuals had been treated for the periods noted 
above by a reduction diet calculated to contain the following: 


Table 2.— Composition of Reduction Diet 


Calories 

Protein 

Fat 

Carbohydrate 
Calcium . 
Phosphorus 
Iron 

Vitamin A 
Thiamine 
Ascorbic acid 
Riboflavin 


. 1013 

70 gm. 
37 gm. 
100 gm. 

0 96 gm. 

1 46 gm. 
0 015 gm. 

. 4500 1.U. 

1 6 mg. 
SO mg. 

2 1 mg. 


Since all of these individuals had demonstrated a satisfactory 
rate of weight-loss prior to the experimental period, it was hoped 
that their cooperation in the experunental regime would be good. 

These 6 volunteers were divided into 2 groups of 3, designated as 
"control,” and “experimental.” All were begun on a diet calculated 
to contain the following: 

Table 3. — Composition of Experi.mentai. Low Riboflavin Diet 


Calorics 

. . 1300 


Protein 

. . 71 

gm. 

Fat 

. . 02 2 

foil. 

Carbohydrate 

ICO 9 

fmi. 

Vitamin A 

4140 

I.U. 

Thiamine . ... 

. . 1 24 

mp. 

Ascorbic acid 

90 

nip. 

Riboflavin .... 

471 

pg. 


Three dailv menus were used in rotation. Tliese are listed in 
Table 4. ‘ 

All riboflavin values of foods were taken from the tables of 
Howes and Church.^ 
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Table 4. — Mentis of Experimental Lotv Riboflavin Diet 


Day 1 


Day 3 


1 Days 


Ribofla\'in 

' Riboflavin 

I Riboflavin 

OiB.) 

1 (ps.) 

1 0*?.) 

1300 Calorics 


1300 Calories 


1300 Calories 


Breakfast; 


Breaxpast: 


BttEAKF.t5T: 


3 01 . grapejuice + -1 tbsp. geh- 


3 oz. pineapple juice + 4 tbsp. 


3 or. grapefruit juice -f 4 tbsp. 


tin 

9 

gelatin 

IS 

gelatin 

IS 

Applesauce 

33 

Tangerine 

25 

Sliced banana 

10 

WVite bread (not enriched) - 

15 

Bacon (3 str.) 

15 

Bacon (3 str.) .... 

15 

Butter {§ pat) 

1 

\Mutc bread 

15 

White bread 

15 

Bacon (fried— 3 str.) . , , 

15 

Butter {{ pat) 

1 

Butter (J pat) 

1 

Coffee 

73 

Coffee 

74 

Coffee 

59 

Lcsch: 


LtiNca; 


Loses: 


Spaghetti and tomatoes . . 

3G 

\’egctable soup .... 

55 

Rice with tomatoes . . . 

35 

25 gm. ground meat . 

20 

1 02 . boiled ham (sandwich) 

35 

3 str. bacon . . 

15 

Grapefruit section salad . . 

35 

2 white bread (thin) (cut crust) 

30 

50 raw carrot strips . . 

10 

with 1 inner leaf lettuce . 

4 

Butter (\ pat) 


White 1»ead ... 

lo 

White bread (not enriched) . 

15 

lettuce leaf 

5 

Butter (i pat) . ... 

J 

30 

Butter (i pat) 

1 

Baked apple 

30 

Red apple 

Crushed pineapple . . . 

Tea or coffee 

25 

Tea or coffee 


Coffee or tea 




— 


155 


106 


136 





DraxER: 


Dikrtb; 


Dixker: 


Beef tenderloin .... 

130 

Beef roast 

130 

Cured ham (75 gm.) . . 

150 

Carrots 

20 

Asparagus (canned) . . . 

35 

Baked or boiled potato 

40 

Small boiled potato . . . 

40 

Small baked potato . . . 

40 

Stewed tomatoes 

45 

SO gm. tomato salad . . . 

20 

50 gm. lettuce salad (inner 


Celerj* salad (59 gm. with inner 


with 1 inner leaf lettuce . 

4 

leaves) 

20 

lettuce leaf) . • 


3 wlute bread (not enriched) 

15 

IMiite roll 

15 

i white bread 

15 

Butter (i pat) 

1 

Butter (5 pat) 

1 

Butter (J pat) , . ■ ■ 

1 

Sliced tmnana 

10 

1 grapefruit 

35 

Canned blueberries , . 

15 

Coffee or tea 


Coffee or tea 


Coffee or tea 



240 


276 


m 

Total micrograms riboflavin, 4-19 | 

Total micrograms riboflavin, 505 

i 

Total microgxams rilxiflavin, 453 


In addition to this diet, all 6 received daily vitamin and mineral 
supplements as follows: 


Table 5. — ^^'itamin and Mineral Supplements 


Calcium 

1 gm 

Phosphorus 

1 gm 

Iron 

. .2 gm 

Nicotinic acid . 

. 50 mg 

Calcium panthothenate 

. . . 2 mg 

PjTidoxine 

. . . 2 mg. 


In addition to these, the control group received without their 
knowledge a daily supplement of 3 mg. of riboflavin. Two of 
(J.J.B. and C.E.S.) who followed the physical status of these 
volunteers throughout the experiment, were unaware of the identities 
of the individuals in tlie control and experimental groups until the 
end of the experiment. 

Each volunteer was requested to report for slitlamp study at 
the beginning of the period, and twice a week thereafter. (Later 
once a week.) 
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Because of the exigencies of the school year, this experiment had 
to be terminated, unfortunately, after only 5 weeks of observation. 

Results. Experimental Group. 

1. M.B. Developed aphthous stomatitis 21st-28th days. No objective 
evidence of glossitis. No diffuse soreness of mouth or tongue. No eye 
symptoms at any time. Stated that the diet was verj^ unpleasant, 
and admitted extra-food intake on numerous occasions. Gained 5 
pounds. 

Slitlamp findings: 

Day 1: Negative. Day 7: Negative. Day 15: Negative. Day 22: 
Slight fullness of vessels in upper nasal quadrants. Day 29: No 
change. Conclusion: No abnormalities demonstrated. 

2. E.L. Developed aphthous stomatitis 35th dajL No diffuse soreness 
of mouth or tongue; no objective manifestations of glossitis. On 14th 
day developed photophobia which persisted until resumption of 
normal diet. Weight loss 8| poynds. 

Slitlamp findings: 

Day 1 : Negative. Day 6 : Negative. Day 13 : Possibly slight increase 
in amount of blood in limbal plexus. Da}*^ 20: No change. Day 27: 
No change. Day 35: No change. Conclusion: No abnormalities 
demonstrated. 

3. J.H. Complained of unusual fatigue beginning on 8th day. Dis- 
appeared 6 days after resumption of normal diet. No eye symptoms 
at any time. No glossitis. Weight gain 4 pounds. 

Slitlamp findings: 

Day 1: Negative. Da}'^ 5: Negative. Day 10: Negative. Day 15: 
Negative. Day 22: Negative. Day 29: Negative. Conclusion: No 
abnomialities demonstrated. 

Control Group. 

1. L.M. Complained of -sdsual fatigue after 7th da}". Also noted general 
fatigue after 7th day. Weight loss 12 pounds. 

Slitlamp findings: 

Day 1: Negative. Day S: Negative. Day 15: Negative. Day 22: 
Few streamers off nasal limbus, left eye. Day 29: Additional fine 
capillary extension from nasal limbus, both eyes. No secondarj' 
capillary loops. 

(On Day 30 L.M. resumed a “noimal” diet.) 

Day 51: No change. 

(On Day 52 L.M. was given 9 mg. of i-iboflaAdn a day in addition 
to his “normal” diet.) 

Day 65: No change. Riboflavin discontinued. 

Day 105: No change. Fine capillar}" streamers still present. Still 
complains of occasional eye fatigue. (No uncorrected refractive 
error.) Weight gain of S pounds since discontinuance of experi- 
mental diet. Conclusion: Minimal, but definite abnormality demon- 
strated. 

2. F.p. No S}'mptoms of any kind. Weight loss 2 pounds. 

Slitlamp findings: 

Day 1: Negative. Day 5: Negative. Day 12: Negative. Day 19: 
Negative. Day 26: Negative. Conclusion: No abnormalities demon- 
strated. 

.3. J.G. Sore tongue from 21st to 25th d.ay. No objective signs. No 
visual s\miptoms. Weight loss 1 pound. 

Slitlamp findings: 

D.ay 1: Negative. D.ay 5- Negative. D.iy 17; Negative. Day 24: 
Negative. Day 31 : Negative. Conclusion; No abnormalities demon- 
strated. 
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Comment. The failure of our experimental subjects to develop 
corneal vascularization is not in accordance with the statement of 
Sydenstricker, Kelly, and Weaver,” who state, “Under experi- 
mental conditions, within a few days, often only two, empty capil- 
laries can be seen arising from the apices of the loops outlining the 
scleral projections .... in 2 or 3 days more they form complete 
loops through which red cells circulate irregularly and in clumps.” 
Their experimental conditions were not cited. We are not prepared 
at present to saj' that this lack of agreement is of any significance. 
The conditions of our experiment did not permit us to be certain of 
the cooperation of our subjects. Further, we have no objective 
evidence (f. c., diminished urinarj' excretion of riboflavin) that our 
subjects were actually deficient in riboflavin. It may be that a 
longer period of deprivation is necessary to bring an individual on 
a previously adequate intake of riboflavin to the point where 
objective signs are manifest. Repetition of this experiment with 
coincident determination of urinary ribofla^u'n is obviously indicated, 
and will be initiated in the near future. 

The significant point, it seems to us, which emerges from this 
studj' is the fact that definite evidence of corneal vascularization 
occurred in one of the subjects of the control group, in spite of an 
intake of riboflavin of approximately 3.5 mg. per day, whereas an 
intake of approximately 2.1 mg. of ribofla^■in per day for 79 days 
previously, while on the reduction diet, had not resulted in keratitis. 
This previous period would seem to eliminate defective absorption 
or defective phosphorylation of riboflavin as etiologic factors in the 
keratitis. 

Furtlier, a “normal” (non-reduction) diet for 3 weeks following 
the experimental period failed to alter the keratitis, a_s did the 
administration of 9 mg. of riboflavin a day for 14 additional days. 
Theoretically, there are several possibilities which might account 
for the appearance and persistence of keratitis in a patient whose 
intake of riboflavin conformed to present ideas of adequate ribo- 
fla^•in supply, and wJjich was greater than a previous known intake 
of riboflavin. 

Summary and Conclusions. I. Superficial keratitis, like cheilosis,* 
may be found to be a relatively non-specific response to \'itanuii 
deficienc.v. 

2. Lack of “balance” in vitamin intake may cause riboflavin 
deficiency, even with a relatively high intake of riboflavin. Syden- 
stricker,” and Spies, Stanberry, Williams, Jukes, and Babcock” 
have emphasized the roles of pyridoxine and pantothenic acid, 
respectively, in the mobilization and utilization of riboflavin. 
Unfortunately, presently available food analyses are not complete 
enough to permit us to compare pyridoxine and pantothenic acid 
intakes of our reduction and experimental diets. 

3. It may be that riboflavin ph/x other dietary factors are required 
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to prevent keratitis. In this connection it may be recalled that 
Johnson and Eckhardt have already suggested that “factors addi- 
tional to I’iboflavin are concerned with the healthy state of the 
cornea”.® And Sydenstricker, Sebrell, Cleckley, and Kruse^'* stated ; 
“It seems possible that other conditioning factors as yet unde- 
termined, may be potent in the production of ariboflavinosis.” 

4. The keratitis in Case L.M. may have been coincident, and 
unrelated to vitamin deficiency. This is supported by its failure to 
subside after large doses of riboflavin, plus a “normal” diet, 

5. Superficial keratitis, of the type described as specific for ribo- 
flavin deficiency, appeared in a patient on a known and theoretically 
optimal intake of riboflavin. This failed to disappear on a “ normal ” 
diet, plus additional riboflavin. 
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FOCAL NECROSIS OF THE ADRENAL CORTEX 
By X,\than Mitchell, i\I.I). 

ASSISTANT PATHOLOGIST 
AND 

Alfred Angrist, 

pathologist 

JAMAICA, LONG ISLAND, N. Y. 

(From the Patholojr>' Department, Queens General Hospitu!) 

In reviewing the literature on focal necrosis of the tidrcnal 
cortex, it is seen tliat a wide variety of ctiologic factors are iinpli- 
ciited. Moschcowit'/,'* reported 2 cases, and ofi'ered a resume of 
pathologic and experimental observations. One of his cases was 
a 41 year old male who died of uremia complicating calculous disease 
of the kidneys. He observed more than a dozen foci of necrosis in 
the atlrenal <‘ortex. with intense surrounding polymieletir reaction. 
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The periadrenal tissue was hemorrhagic with thrombosis of the 
veins. The second case was that of an S year old girl with chronic 
glomerulonephritis, hlultiple focal necrosis with polynuclear reac- 
tion were seen, in addition to bacterial emboli in the regional vessels. 
The relationship of the bacterial emboli to the foci of necrosis is 
open to question. His illustrations show a notable absence of reac- 
tion about some of the bacteria-filled vessels, and the presumption 
remains that postmortem bacterial proliferation may be represented. 
His conclusions took cognizance of this, for he inferred that adrenal 
cortical necrosis may result from either vascular or "toxic” effects. 
Moschcowitz quoted many authors, including Ziegler, Aschoff, 
Neusser and Wiesel, Loper and Oppenheim, and Rome and Yersin, 
all of whom stressed the role of infectious diseases in the causation 
of focal necrosis of the adrenal cortex. Diphtheria was associated 
with the necrotic lesions most often, but similar lesions were noted 
in cases of variola, typhoid and tetanus. Experimentally induced 
lesions were noted particularly with diptheria toxin. However, 
identical changes were produced with B. ietani, B. anihracis, and 
the pneumococcus. IMcLaughlin noted the common association 
of focal necrosis of the adrenal cortex and Curling ulcers of the 
duodenum in cases of fatal burns. He quoted Weiskotten, who 
reported 6 cases of fatal burns showing hemorrhage and necrosis 
of the adrenal. jMcLaughlin inferred a definite bearing of the 
adrenal necrosis upon the causation of the Curling ulcers and suc- 
ceeded in producing ulcerations of tlie duodenum and elsewhere 
by experimental destruction of the adrenal. 

Hass^ reported a case of a premature infant witli multiple areas 
of focal necrosis with inflammatory reaction in the liver and adrenal. 
He noted acidophilic and basophilic intranuclear inclusion bodies 
in the parenchymal cells and suggested a virus etiology. Grollman’ 
summarizes the subject of focal necrosis by the following statement: 
“In acute bacterial toxemias, focal necrosis are often seen in the 
zona faciculata which resemble those occurring in the spleen and 
other viscera.” Oestern® reported a ease of miliary necrosis in the 
lung and adrenal in a premature infant who died on the second day 
of life. He noted the resemblance of the necrotic foci to tubercles, 
and described a poljmudear inflammatory reaction. In arriving at 
a conclusion as to the etiologj' of the necrosis, Oestern quoted the 
work of several authors including Kaufmann, Amsier, Schneider, 
Schwartz, and Konschegg. iMost of these writers stressed focal 
necrosis of the liver in infants in their discussion of etiologj*. Plump 
"U” or “S” shaped rods stained by the Levaditi method, and not 
bv Gram stain; Gram-positive rods resembling diphtheroids: and 
complete absence of bacterial agents were reported by different 
authors. Oestern. Kaufmann, and Amsier were uncertain of the 
etiologic agent, but suggested “intestinal into.vication”asa possible 
mechanism. 
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The 18 cases of focal necrosis of the adrenal cortex listed below 
in Table 1 represent lesions discovered incidentally during the routine 
3080 autopsies at the Queens General Hospital in the first 6 years 
of its existence. With the exception of Case 16, all lesions were 
seen microscopically in the single section of the adrenal gland taken 
in all autopsies. In Table 1 are listed all relevant associated clinical 
and pathologic findings. During the course of the analysis of these 
cases, the presence of other factors such as blood sugar and urea 
levels, blood pressure, and focal necrosis in other viscera was noted. 
Since there was no correlation of these factors with the finding of 
adrenal necrosis, they are not listed. All lesions were studied on 
formalin fixed, paraffin imbedded material stained with hematoxylin 
and eosin. Giemsa and Gram stains were done on lesions showing 
recent changes. 



Fig. 1.— Case 16. Oval dark brown nodular cytonecrotic mass in reticularis zone. 

(X 2.5.) 


Affc and Sc.v. Eleven females and 6 males comprise the series. 
The ages range from 14 months to 84 years, with a mean age of 
50 years. 

Pathologic Features. The single gross lesion measured 8 by 2 mm. 
(Fig. 1). It appeared as an elliptical, translucent, brownish mass 
situated in the reticularis layer, and was raised slightly above the 
surface of the adjacent parenchyma. 

The histologic features are outlined in Table 2. The lesions were 
of recent origin in 12 instances and showed evidence of chronicity 
in 5. The acute changes were of 2 types. The first consisted of a 
focal coagulation necrosis of the adrenal cortical tissue.^ The sixe 
of such areas varied greatly, ranging from 25^1 to 2340^. They were 
encountered mainly in the zonafasciculata, but were also seen m 
the other 2 layers and in one instance reached to the capsule (Fig. 2). 
Some of the zones of necrosis bore a distinct resemblance to tubercle 
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structures. Complete autopsy examination in these cases failed to 
reveal any active or inactive tuberculosis and stains for acid-fast 
bacilli were negative. In Case 1, the necrotic focus simulated a 
miniature caseous tubercle, while in Case 17 a central area of coagu- 
lation necrosis was surrounded by a ring of Ijunphocytic cells and 
a single Langhans giant cell. The giant cell may have been of the 
foreign body type (Fig. 3), reactive to the liberation of lipoid 
material in the region of the necrotic focus, though fusion of altered 
cortical epithelium is suggested by cytology and staining properties. 


Case 

Table 2. — Resume 

Size 

OF Histopathologic Findings 

No. 

in n 

Location 

Histopathologic features 

1 

195 

Fasciculata 

Focal coagulation necrosis; resemblance to cas- 
eous tubercle: multiple foci (3) 

2 

V 

Reticularis 

Numerous areas of rounded calcification and 
fibrosis along reticularis with no reaction 

3 

520 

Glomerulosa 
and outer 
fasciculata 

Focal collagenous scarring; rather thin remain- 
ing glomerulosa 

4 

390 

Fasciculata 

(inner) 

Focal coagulation necrosis with atrophy of 
adjacent cells and some brownish pigmen- 
tation 

5 

150 

Fasciculata 

(inner) 

Focal coagulation necrosis of group of eells; 
little inflammatory reaction 

6 

25 to ? 

Reticularis, 

fasciculata 

Multiple focal rounded and linear areas of 
cytonecrosis with find without pigmentation 

7 

1500 

-Ml 3 layers 

Focal coagulation necrosis with marked inflam- 
matory reaction, polynuclear cells predomi- 
nating; adjacent atropine degenerated eorti- 
cal cells 

S 

V 

Reticularis 

Multiple focal areas of calcification in rounded 
globules; wide triangular zone of fibrosis ad- 
jacent to medulla 

0 

780 

Fasciculata 

(mid-zone) 

Focal coagulation necrosis with vacuolization 
of regional cortic.al cells; preservation of 
sinusoidal and endothelial structures 

10 

150 

Fasciculata 

Focal coagulation necrosis with included fibrin- 
oid material with surrounding acute inflam- 
matory reaction 

11 

200 

Fasciculata 

(upper) 

Localized rounded fibrotic zone with some hya- 
linosis and ossification 

12 

400 

Reticularis 

(inner) 

Rounded zone of fibrosis 

13 

2340 

Fasciculata, 
glomerulosa 
and capsule 

Focal coagulation necrosis without atrophy of 
cells; marked regional inflammatorj- reaction 
and adjacent zone of liposis 

14 

450 

All 3 layers 

Multiple areas of focal coagulation necrosis 
with regional ijolynuclear reaction 

If) 

5S0 

Intcrrenal 

tissue 

Centrally placed extensive eoagulation necrosis 
without inflammatorj- reaction; no change 
in adrenal 

It) 

8x2 nini. 

Reticularis 

Pigmented degenerated and atrojihic necrotic 
cells in nodular adenomatoid area 

IT 

720 

Glomerulosa, 

fasciculata 

Focal coagulation necrosis with distinct tuber- 
cle-like structure, regional Langhans tj-jic 
giant cell and considerable round cell infil- 
tration localh- and in medulla 

IS 

50 -70 

Fasciculata 

Multiple with both focal coagulativo zone.^- and 
zones with marked involutional atrophic 
changes 
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In tiu' <riit<T <»f ftiif of the fori of roajriiiation iiecro'^i'. ((’a‘'e 10), 
fibrinoid mntrrial was idoiitifird. Tlir amount of inflnimnatory 
rra(‘tinn aniiind the areas of coaj^ulation nerrosis- varied proatly, 
an<l wan usually polynnelear in rluirarfer. In ('asr la, in wliieh the 
nerrosi.s oecurred in an isiatid of interreiiai eortiral ti-'Mie, no 
inllaniniatitry eells ^•oull| be seen (Kik, I). In Case M. the marked 
|iolynue!ear exudation apjiroaebed tlie reaetion seen in siijijairativc 
infhnnmation (Fii;. o). IfeniorrhaKe in the neerofie foci was an 
ineonslant feature, but was <lefinite in some ease-, and is of theoretical 
interest. .Mthoutth the basie strueture of the adrenal e«)rtex was 
destroyed in most of the neerotie foei, distinct iireservatioa of 



I-’lii. 2 . Cii“<' la. Ari's of ro-tKiilittioii iiorro-is willi MirroumliiiR jwlyimrfwr 
rt'artioii luljni’onl to rone of Iiposis. IaIoiisioh of inn-imtirOory owidutc to repot' 
of cniisulo “0011 nl upper riKlit. (X 


sinusoidal reticulum and endothelium was seen in Case 7 (Fig- (>)• 
This type of coagulation necrosis was sharply delimited without 
transition to regional cortex. 

The other type of acute change was one of localizcfi cytonecrosis 
of a varying number of individual cortical cells (Fig. 7). The nuclei 
of the cells were for the most part pyknotic. but occasionally cou d 
not be seen at all. The size of .such colls was almost invariabl> 
smaller than usual. The cytoplasm was coarsely granular and 
often contained abundant brownish pigment which made tlic entire 
necrotic focus stand out in sharp contrast against the regional 
normal parenchyma. It was this feature which undoubtedl.y 
accounted for the case with which the gross lesion shown in Figure 1 
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made itself evident. The necrotic pigmented cells often appeared 
shrunken and separated from the basement membrane. This type 
of focus showed greater tendency to transition to regional cortical 
epithelium with degenerative changes in adjacent cells. No throm- 
bosis was found in the smaller or larger vessels of the tissue adjacent 
to any necrotic zones. 



Fig. 3. — Case 17. Langhans tjTie of giant cell and round cell infiltration adjacent 
to area of coagulation necrosis resembling caseous tubercle beyond upper border of 
idiot opraph. (X 750.) 

Numerous stages in the organization and eventual fate of the 
necrotic foci were observed. One early phase of the organization 
process was seen in Case 12. A well-rounded zone was seen in 
which the center was composed of finely fibrillar collagenous tissue, 
willi small round inflammatory cells and somewhat dilated capillary 
channels containing red blood cells (Fig. S). In Case 3, more 
coarsely fibrillar collagenous tissue was seen with included fibro- 
blastic cells and no inflammatory cells (Fig. 9). The scar tissue in 
this instance extended into the regional cortex and capsule in an 






I'k.. 1 — r’.i'c l.'i Intcrri'ii tl ti'-'Ho “li'wtnK oxtpii'Uf I o?ilnl < o iKuIation ticcro'i' 
witli [XTiplif riil ritn of iiiliut <orli( il ti«Mic Xolo p.\knoti(’ mirlcir remnant'! m 
left lower portion f’npiiite of ndreii'il -een il toiler nplil mnutn fX 1“5 I 



organized atrophic cent rally placed androgenic zone ( X 24 ) 
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irregular manner. Dilfuse and focal calcification of groups of cortical 
cell remnants both within and separated from large fibrotic areas 
was also noted in Cases 2 and 8. In Case 11, a rounded hyalinized 
fibrotic zone was present, with a central area of ossification and 
early marrow formation (Fig. 10). 

Discussion. In the literature, focal necrosis of the adrenal has 
been associated with actual infection or “toxic” states. Eleven of 
our 12 cases showing recent changes had some infectious disease 



Fifi. Case 7. Zone of coapulalion necrosis of cortical cells with preservation of 
reticular structure and adjacent polynucle.ar reaction. (X 17.5.) 

jn'ocess, varying from limited lobular pneumonia to extensive 
suppurative peritonitis. It is our impression that endocrine abnor- 
malities do contribute in some measure to the evolution of focal 
necrosis. Diabetes mellitus was noted in 5 of the cases, and it is 
important to note further that no infectious process was present 
in 2 of tliem. In one of the latter, Cushing’s syndrome was fully 
developed, and the diagno.sis of basophilic adenoma of the pituitary 
Was confirmed at autopsy. In the other instance, an eosinophilic 
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adenoma of the pituitary was noted as an incidental finding in a case 
of malignant nephrosclerosis with uremia, Tn'o of the cases included 
above with the infectious processes, showed cachexia. Arterial and 
venous thrombosis in widely divergent locations outside of the 
adrenal was noted in 6 cases. In only one instance, a case of hyper- 
tensive heart disease, neither an infectious process nor an endocrine 
problem was present. 



Fig. 7.— Caso IG. Microscopic section correspond in c to press lesion seen in Fipnre 1. 

Edge of I.'irpe zone of cj'fonocrosis. (X 375.) 

The multiplicity of factors observed above favors the considera- 
tion that focal adrenal cortical necrosis is not a specific cli.^ea.sc 
entity with a single etiology, and tends to implicate a physiologic 
c-omponent in the reaction. 

The possibility does remain that ab.sorption of many necrotic 
zones occur. In the cases where the reticulum remains preserved, 
the preexi-sting events of degeneration aiul necrosis may be com- 
pletely lost to ob.servation by regeneration of per.sistcnt cortical 
cells. The physiologic sequence of events i.s then approached. 
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necrotic areas described may actually represeat exaggerated involu- 
tional phenomena normally noted in the reticularis. In like manner 
the foci of frank coagulative necrosis suggest an acute sudden 
response on the part of the cortical cells of an exaggerated nature 
and somewhat functional significance. It should be einphasired 
at this point that onlj- cases which illustrated foci of actual necrosis 
of coagulative type or of progressive cytonecrosis of cells were 
included in this series. Foci of degeneration and atrophy seen within 
reticularis or other layers of the cortex, without necrosis, were 
excluded from consideration. 



X 175 ) 


The phenomenon of focal necrosis in a solid parenchymal organ 
such as the liver has often been observed. Some have been estaii- 
lislicd to be bacterial in origin, as in typhoid. Xecrotic foci of identi- 
cal nature have been seen in a compact endocrine organ like the 
pituitary gland. Such foci of necrosis, both in the pituitary and the 
adrenal vary in dze. Complete necrosis of the pituitary giving rhe 
to dramatic endocrine syndromes occurs especially associated with 
pregnancy. It is conceivable that areas of focal nccro-is of the 
adrenal cortex may increase in size, merge anrl othcrwi-c iinohe 
an extensive area sufficient to cause clinical symptoms of adrenal 
insufficiency. The presence of parallel degenerative and nccrotie 
changes in a case of Addison’s disease studied in tiii' ial)f»nitor\ , 
associated with widespread fiiirosis of the cortex acquires ‘.ienificaiK e 
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on this basis. The atrophy and fibrosis repeated the changes noted 
above in the zones of focal necrosis undergoing organization. In 
several of the focal areas studied, intense congestion of the sinusoids 
and hemorrhage was found limited to the areas of necrosis and the 
immediate vicinity. In one instance fibrinoid material was found 
in the center of a lesion. Such findings represent a replica in minia- 
ture of the adrenal changes seen in the Waterhouse-Friedrichsen 
syndrome. 



Fig. 10.— Case 11. Sharply doliniited zone of hyalinizcd fibrotic and os.«ificd area 
with beftinning central marrow formation. (X 175.) 

The findings of these small areas of focal necrosis of the adrenal 
cortex has no clinical application at present. It may be significant, 
however, in providing illustrative material for the basic mechanism 
operative in those widespread necrotic lesions giving rise to dramatic 
syndromes. In Case 18 , a condition of profound shock following 
trauma was associated with focal necrosis of the adrenal and active 
acute ulcerations of the duodenum. This parallels the findings of 
IMeLaughlin for sucli a correlation. Tlicre also exists the po.ssible 
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significance of the summation of recurring focal lesions in producing 
a progressive insufficiency or predisposing to a subsequent severe 
acute episode. Quite theoretical is the consideration of allergic 
sensitization to such specific cortical tissue with subsequent hj-per- 
ergic reaction. 

The gradation in size of the foci of physiologic and degenerative 
changes and the small areas of focal necrosis, to the widespread 
diffuse lesions with established clinical syndromes suggests that 
attention might well be focussed on establishing a relationship or 
common denominator between the two. 

Giemsa stains and Gram preparations on most of the acute 
necrotic lesions failed to demonstrate virus inclusions on bacteria 
in situ. 

Sununary. 1. Eighteen cases of focal necrosis of the adrenal 
cortex are presented. 

2. The literature is reviewed and tlie etiologic factors of infection, 
toxemia, endocrine factors, and allerg\-, discussed. 

3. A physiologic component in the production of the necrotic 
lesions is indicated by the multiplicity of etiologic factors, the 
apparent significance of endocrine states, and the gradation of such 
lesions in size and nature witli involutional physiologic changes in 
the adrenal, and the negative bacteriologic and \’irus findings. 

4. The possible significance and the relationship of such lesions 
to Addison’s disease and to Waterhouse-Friedrichsen syndrome and 
to intestinal ulceration is intimated. 
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A PLATELET-RED CELL CONJUGATION PHENOMENON AND 
ITS RELATION TO BLOOD COAGULATION 

By Samuel Pennell, hl.D. 

assistant HEM.ATOEOGIST, ASSIST.ANT TBANSFGSIOKIST, BROOKLYN JEWISH HOSPITAL 

BROOKLYN, N. Y. 

(From the Departments of Hematology and Laboratories, Brooklyn Jewish Hospital) 

The blood platelets have been studied very extensively but in 
most of the studies reported in the literature it has generally been 
considered that they carry out their mission in the coagulation 
process as individual agents. Very few observers have linked the 
function of the platelets to other formed elements in the blood. _ 
The purpose of this paper is to call attention to a conjugation 
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phenomenon between the blood platelets and the red cells in nor- 
mal blood, and to discuss the significance of this relationship in the 
light of the more recent knowledge of blood coagulation. 

Hayem,® in 1889, studying fresh preparations of shed blood, 
noted that the red blood cells frequently fragment when included 
in a mass of degenerating platelets. Tait,‘^ in 1918, in studies on 
clotting frogs’ blood, described a property of the blood cells which 
manifests itself by red cells and platelets adhering to one another. 
He calls this “selective adhesion,” and states: “When a film of 
frogs’ blood clots, a course network of fibrin-like material is formed. 
Each node in this network consists of either a mass or a single throm- 
bocyte around which the erythrocytes arrange themselves in rosettes. 
Not all the erythrocytes are involved, but only those lying in the 
vicinity of the thrombocytes. That portion of the involved erjThro- 
cyte which lies in immediate contact with the thrombocyte becomes 
constricted as if with a purse string .... the skin of the erythrocyte 
apparently adheres to the thrombocyte.” This phenomenon is not 
an accidental occurrence but a deliberate “selective adhesion” only 
between the red cells and platelets, for he goes on to state: “ On the 
other hand I have seen a granular leukocyte crawl from a distance 
to such a mass of thromboc 3 des and pursue its course over and past 
them, being in no wise impeded bj’- contact with them.” 

This phenomenon may readily be observed in normal freshlj^ shed 
human blood, both in dried stained smears and in moist preparations. 
When such specimens are examined under the oil-immersion lens, 
one can observe that where the platelets lie in contact witli red 
cells, the red cells usuallj'' have become deformed. The extent of 
the red cell deformities run the gamut from that of slight indenta- 
tion to complete division or actual fragmentation. Careful focus- 
ing further reveals that the contours of these deformities conform 
closelj'- to the shape of the adjacent platelets, and that the edges of 
the deformed areas are rough and ragged, in contrast to the smooth 
unaffected edge of the rest of the red cell (Fig. 1). 

Conforming to Tait’s“ observations in frogs’ blood, not all of the 
human red cells are involved and the phenomenon is strictly a 
selective one, taking place onl.y between the red cells and platelets 
(Fig. 2). 

If a small drop of freshl.y shed normal human blood is placed on a 
slide, allowed to remain undisturbed for about 1 minute and then 
spread b.y dropping a coverslip over it, the red cell platelet conjuga- 
tion can readil.y be observed. In such a preparation, clumps and 
masses of platelets can be seen which have one or more deformed red 
cells enmeshed among them. ^ 

In these wet preparations one can readil.v note the absolute selec- 
tivity of the phenomenon, for the leukocytes can be seen cither at 
rest among the red cells or floating past them, but never becoming 
involved in the process. 
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The Effect of Anticoagulants. Sodium Citrate. When smears are 
made from botli citrated and unmodified samples of the same blood, 
the citrated smears show a striking difl’erenee in the red cell platelet 
conjugation when compared to the unmodified .smears. The smears 
of citrated blood show practically no deformed red cells, and the 
platelets for the most part lie freely in the .spaces between the red 
cells. Only after diligent search can one find an occasional deformed 
rod cell with its attached adjacent platelet (Fig. 3). 



Fia. 1 


Study of moist preparations of freshl\- citrated blood fails to show 
the presence of the agglomerations of platelets around enmeshed 
and deformed red cells, which are so readil;\" seen in similar prepara- 
tions of unmodified blood. The platelets are neither clumped nor 
attached to the red cells; few if any deformed red cells are seen; and 
the platelets individually and in small groups, lie about freely m 
,the plasma between the red cells. It is interesting to note in this 
connection that Ferguson, studying platelets under dark field 
illumination, found that in citrated plasma the platelets lose their 
“stickiness,” but that when the plasma is recalcified, the platelets 
regain this stickiness and agglutinate in the usual manner. 
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Heparin, In Vitro. Fresh heparinized blood examined either in 
a dried stained smear or moist coverslip preparation also shows a 
marked diminution of the red cell platelet conjugation. In the moist 
preparations the platelets are not clumped around red cells, and in 
the dry smears practicallj’’ no deformed red cells in conjunction 
with platelets can be seen. 




Fig, 2 


Heparin, In Vivo. Stained smears and moist preparations of 
normal unmodified rabbit’s blood show the red cell platelet 
conjugation to a greater degree than normal human blood. If, 
liowever, sufficient heparin solution is given intravenously to a 
rabbit to produce a prolongation of his coagulation time from the 
normal of about 4 minutes to over 24 hours, blood smears made 
during this period of prolonged coagulation show a marked 
diminution of the red cell-platelet conjugation. Although occa- 
sional deformed red cells with their adjacent platelets may still be 
found, they arc scarce and the platelets generally are seen to lie 
freely in the areas between the red cells. 

loi, ;0o, NO 4 — vpmi,. 1913 19 


5G6 pexxell: a piatele'e-red cell coxjcgatiox phe.vomexox 

the effect of tfje Jieparin has worn off and the rabbit V 
Coagulation time has once again returned to normal, the red cell- 
platelet conjugation can again be obser\-ed to the normal degree in 
the blood smears and wet preparations. 

Bleeding States. Blood from cases of thwiiibocytopcuic piirpunt 
and hemophilia were studied because of the contrasting hematologi- 
cal defects in these two diseases. In thrombocytopenic purpura, 
while the platelets are greatly reduced in number, the coagulation 
time of the blood is fairly normal, while in hemophilia, although the 
platelets are normal in number, the coagulation time is ii.sually 
prolonged. It was thought, therefore, that if the red cell jdatelct 
conjugation played some role in blood coagulation, it might bcconic 
evident in a comparison of these two contrasting conditions. 



Thrombocytopenic Purpura. Blood smears made from fre.dily .shed 
unmodified blood in cases of throm!)ocytnpenic jHirpura, often 
require prolongcfl and diligent .ccarcli to find tlie few platelet.^ wliicli 
are present. Ilowcver when they arc found, they are almost with- 
out exception, .‘=ecn to i)c in contact with one or more red ceils, and 
these show the dcforrnitic.s i)revionsiy described (Fig. 4). 

In normal Iilood not more than jierhaps 2.")''^ of the platelets seen 
in the smears are found in conjunction with deformed red cell-, 
while in throm[)ocytopcnic purpura, where a scarcity of phtclet' 
exists. tn .Gf)v' arcfoujid to bc.ar this relationship to them} eelb. 
In thi.s di.sc;i.-c, although the platelets are decreased in munber. lh< 
rcfi cell platelet conjugation is relatively increased rather than 
ch’minishcfl to {tarailel the niimcrieal refhiotion of the platelet-. 

Hemophilia. In eases of )iemf)phih'a. diinbig })erind'! when the 
eoaculation time i,- tnarkerlly {)rolonged. and there have iHen ra- 
ns-ent tnmsfu-ions, hh>^v| .-menrs a- well a- nuii-t jireparafion- fon- 
-isteiitly rhow rnarktsi ditnifiution of (he reel rrll platelet (orijuc.i' 
tion as cfimp.ared to normal l»!oo<!. 

In the firietl sniear-, the ef>!ijut:ation i- not enlireh ab'cnt, hut 
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is encountered very infrequently as compared to normal blood. 
Here and there, in the hemophiliac blood smears one may find an 
occasional deformed red cell in contact with a platelet, but these are 
few in number. This diminution, although difficult to determine 
numerically, is nevertheless very apparent and the manner in whicli 
most of the platelets lie about in the spaces between the red cells is 
quite unlike their appearance in normal blood (Fig. 5). 




Fig. 4 


Moist preparations of hemophiliac blood also show practically 
no red cell platelet conjugation. The platelets do not agglomerate 
around the red cells as they do in normal blood, but lie about singly 
or in small groups between the red cells in an innocuous manner. 
These moist preparations of hemophiliac blood resemble very closely 
those of citrated and heparinized blood described previously. 

Discussion. Practically all the theories of normal blood coagula- 
tion, hlorawitz,^- Howell,® etc., accept the breakdown of the plate- 
lets and the consequent rcleahc of a ferment (thromboplastin — 
thrombokinase) as the earliest step in the coagulation j)rocess. 
The circumstances which induce the platelets to degenerate have 
been the subject of much and varied discussion in the literature. 
'Phe most commonly accepted idea is the one suggested by Mora- 
witz,'- that when blood is shed the platelets come in contact with a 
water wettablc surface and disintegrate, thrombokinase (thrombo- 
plastin) being freed in the proce.^s. The liberated thrombokinase 
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then ju'ls ns the Iri^'/'er mcehnnJ.sm which sots oiF the complex series 
of chemical iiitcmctioiis, the end-result of which is dot formation. 

Howell'” states: ‘‘It would seem that in the circnlatinp blood 
the content of thromhojdastin must lie below the concentration re- 
(jiiired to induce prompt dotting. When blood is shed or with- 
drawn the content of thromboplastin is increascri with .some sud- 
denness. by the mass disintegration of the platelets, to a concentra- 
tion .siinieieiit to eaiise dotting within a few minutes.” 

If, in order to <legenerate rapidly and rn mtmr, the platelets need 
to make <-ontact with some surface, it ajjpears that the blood, by 
employing the red cell platelet conjugation herein described, has 
at hand a constantly available meehanisin of its own which fulfills 
such a re<}uirement, without assuming the need for extraneous aid. 
such as ^Io^awitz^s'-■ water wettablc surface. 



It would seem that the platelets use the surfaces of the red cell 
for the physical contacts Avhich they require in order to undergo 
rapid degeneration. Tlie inability of blood to clot in the blood- 
vessels under normal conditions can be attributed to the motion of 
the blood preventing sufficient contact to permit conjugation. 

Donahue and Howell- liave shown that there is a destruction of 
platelets as the blood passes through the capillary areas of the 
systemic circulation. Since platelets and red cells come into inti- 
mate contact in the capillaries, it is possible that the destruction of 
platelets as noted by these authors results from the red cell platelet 
conjugation wliich occurs in the capillaries. The process is no doubt 
lessened by the fact that the blood flow in the capillaries, although 
sluggish, never becomes completely stagnant. The destruction of 
some platelets in the circulation is apparently the source of the 
minimal amounts of thromboplastin which are always found to be 
present. 

When blood is shed and becomes completely stagnant, tlie plate- 
let red cell conjugation, now' unhampered by the blood flow', pro- 
ceeds to such an extent that rapid mass degeneration of the plate- 
lets occurs. Under these conditions the quantity of thromboplastin 
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produced rises quickly to a concentration sufficiently high to set off 
the clotting process^® 

AnticoagidanU and Blood Dyscrasias. We may assume from 
their staining characteristics that the red cells, taking the acid 
stain, carry a negative charge, and the platelets, taking the alkaline 
stain, carry a positive charge. It is a fundamental law of physics 
that particles which carry opposite electric charges, when suspended 
in a liquid, are attracted to one another and when they collide their 
charges tend to become neutralized. If, as it is believed, the 
integrity and well-being of living cells depend on the maintenance 
of the electric charges which they normally carry, contact between 
the red cells and platelets with the consequent neutralization or loss 
of the platelet’s normal charge may cause it to disintegrate very 
rapidly. In fact, changes in the electric charges of the platelets in 
clotting blood have actually been measured by Steuber and Lang." 

It seems logical to assume, therefore, that the anticoagulants, 
sodium citrate and heparin, which interfere with the red cell-platelet 
conjugation, do so because they disturb the electrolytic relationship 
which these formed elements normally maintain in relation to one 
another. Sodium citrate is, of course, an electrolyte, while evidence 
that heparin acts electrolytically is presented by Ferguson and 
Glazko,^ who show that it functions like a polyvalent anion. 

Studies on hemophiliac platelets by Howell,^® Birch, ^ Quick*® 
and Go^'aerts and Gratia'* have demonstrated that while they remain 
in his own blood, the hemophiliac’s platelets are “resistant” and do 
not disintegrate readil>L However, when removed from herao- 
piiiliac blood, they lose this resistance to disintegration and behave 
exactly like platelets from normal blood. Further, Howell*® has 
demonstrated that the only difference between normal and hemo- 
philiac plasma is that the hemophiliac plasma contains less thrombo- 
plastin. This lowered level of tliromboplastin is no doubt the direct 
result of the greater stability of the hemophiliac’s platelets. 

Since the defect in hemophilia appears to be the resistance to dis- 
integration of the hemophiliac’s platelets and since this resistance 
disappears when the platelets are removed from the hemophiliac’s 
blood, one may assume that some factor present in normal blood 
which permits platelets to disintegrate is absent in hemophiliac 
blood. Because of the absence of this factor, the hemophiliac plate- 
lets, although they have the potentiality to disintegrate,***®*® 
cannot do so. 

In view of the ample amount of red cell-platelet conjugation in 
normally clotting blood and its striking diminution in hemophiliac 
blood, together with the fact that the hemophiliac platelets disinte- 
grate normally when removed from the hemophiliac blood, one is 
confronted with the possibility that the red blood cells are an im- 
portant and j)erhaps indispensable factor in the proce.ss which causes 
the breakdown of the platelets. The hemophiliac’s red cells may 
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thus differ from the normal in that they lack some factor, the ah- 
sence of which docs not allow the red cell platelet conju, nation to 
occur. In consequence the hemophiliac’s platelets cannot didiife- 
grate and thus appear to he resistant. 

On this hasi.s, it would only he necessary to make avaiiahle nor- 
mal red cells for the hemophiliac’s platelets in order for tliein to 
undergo normal disintegration. Thus a transfusion of normal iilood 
to a liemophiliac, supplying matiy normal red cells, may ctiahle im 
platelets to disintegrate and reduce the coagulation time as well as 
help check the bleeding. 

'iVo facts concerning tlie formcrl element.s in circulating hhixl 
pointed out by Foster''' in ISSO, and lilberth and .Schinunelhn'clr 
in ISSS’, offer an e.xplanation for the lack of intravascular ciuttiiu: 
which might result from the red cell-])latelct conjugation and it' 
con.scquent platelet degeneration. 

Foster'^ showed that “When fine particles of several kinds, >oiac 
lighter than others, arc driven through a narrow tube, the hc.'ivif r 
particles flow in the axis and the lighter in themore perij)heral jxir- 
tions of the stream." Later in ISSS Ebcrth and Sehimtnclhn'c))’ 
showed that the formed elements of the blood, as they are propcllol 
in the blood stream, arrange them.sclvcs similarly. Tlie red cell' 
form a central core, the leukocytc.s a concentric cylinrler about the 
red cells atifl the platelct.s move along at the i)criphery of the stream 
nearest the ve.sscl wall. 


The dynamics of the circulation thus keeps the red cells and plate- 
lct.s apart until they reach the capillaries. Here they are forced 
into contact with one another, for the channels arc so small that the 
cells pass through almost in .single file. The electrolytic attraction 
of red cell and platelets also aids the mechanical forces in hriteK'iac 
about the red cell platelet conjugation in the c,'ij)illaric.'. 

The small amounts of thromboplastin formed from the di-itite- 
gration of the jdiitelots as a result of the red cell platelet c(injuL’ati"a 
in the rapillarics. however, is not .sufficient to jmodiice intnivit-cnlir 


clotting. 

When normal bloorl is shed anti lies cotnjtlcfely .staimanf, fh' 
btdiavior iff the rcti cells arid platelets is no longer controlh'il lo ti.- 
flow. The platelct.s ami rctl cells, attracted rmw ordy by tle ir ojip" * 
-ite electric charges, gnn’itatc imre>tr;dnefJIy tov.-ani one ;ire»di‘ '- 
The iilattdet-. iieing smaller, mass in clumputiiont the n il ccH'. 'h'C' 
electric idtarD-, become ncutrafi/cil ami they ili-intf^rrate rn c.'c'', 
liberating large anionnt- of thminboplastin. ’I'he amo'inr o! thn-nc 
bopla'tin tbn- liberateil i-. suflieit-nt, in 'liite of the ant i{trothnei.i> ' 
prc't'nt. to ean-c coagulutifin. 

A- previi>n-!y dcinon'-tratcti, the reii eell-pliitidct i onjug-UC'’; c 
nmrketiiy ilimitn-lati in tlm hemophiliac’- l>lt«w!. p rimp- h*’'"' ' 
of -ornc ilcfccf in hi- rctl cvl)-. Few piati h-f- can flin- thgt-n' rsO 
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his circulation and the lowered content of thromboplastin in his 
Idood® may thus find explanation. 

One cannot overlook the interesting possibility that the red cells 
which are involved in the conjugation are also destroyed along with 
the platelets. Haj'^em,® actually saw these red cells fragment when 
included in a mass of degenerating platelets. 

Conclusions. 1. From the knowledge now available, in order for 
shed blood to clot, a sudden and massive disintegration of platelets 
appears to be necessary. 

2. A conjugation phenomenon between platelets and red cells is 
described which is regarded as providing a means by which the 
platelets can employ the surfaces of the red cells for the contacts 
necessarj'' to carry out this mass disintegration. 

3. The reduction in platelets which normally occurs as the blood 
passes through the systemic capillaries may be due to a limited 
amount of red cell-platelet conjugation which takes place during 
the transit of the blood through the capillaries. 

4. It is demonstrated that the anticoagulants, sodium citrate and 
heparin, interfere with the red cell-platelet conjugation. 

0 . The phenomenon is shown to be markedly reduced in hemo- 
philia and relatively increased in thrombocytopenic purpura. 

6. The fact that the hemophiliac’s platelets have been shown to 
be normal in various ways would seem to indicate that the hemo- 
philiac’s red cells may be responsible for the diminished red cell- 
platelet conjugation in this disease. 
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TUBERCULOSIS IN INDUSTRY* 

By H. R. Edwards, :\r.l).. F.A.C.P. 

niUKCTOH, Bt'RnAi* or TUUKnci'i.osis, DKrAiiTMEXT or m:\urn 

NEW YORK, X. Y, 

TimEUCi'LOSi.s lias been a problem in industry for many years 
and from all available evidence is most likely to increase at the 

* Read at Tlurtl Penn.sylvania Health Institute, the Pennsylvania Department of 
Health, Harrisburg, Pa., September 28, 1942. 
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present time. Industry is noR' operating at its maximum and is, 
therefore, placing a greater strain on the worker than ever before. 
This increased strain wdll, without doubt, cause many breakdowns 
of those infected as well as many who are accepted into industry 
with latent or unhealed lesions. This increased hazard will result 
in lowering of productive output for the individual with the lesion 
and at the same time it will expose countless other workers to infec- 
tion, and many will later succumb to the disease and thereby become 
progressively less productive. 

There are thousands of workers entering industry today that 
would not ha\'e the same opportunity in more normal times. The 
high wages offered and the chance for independence will attract 
many workers, some of whom knoiv they have tuberculosis but who 
are wnlling to take the chance w'ith tlie hope that they will make 
the grade. There will be thousands of young women entering the 
factory and experience indicates that some will develop the disease 
as a matter of course. Their infection may occur inside or outside 
the plant but tlie continuous physical strain will lower their re- 
sistance permitting a tuberculous infection to develop into actual 
disease. 

Workers today are moving from place to place in the country 
where jobs are available. Thus, those from low rate areas will go 
to areas with high tuberculosis rates and vice versa. In many 
instances housing will be inadequate causing congestion and, there- 
fore, greater opportunities for the spread of infection not alone to 
the worker but to members of his family as well. 

We are nmv entering an era of rationing of foodstuffs with a 
promise that more is to come, and as the war conditions continue 
we may expect to see a definitely lowered standard of living which 
is in\'ariably associated with increases in tuberculosis. In the past, 
the existence of a state of war has always resulted in an increase m 
tuberculosis, and without doubt the situation today, which invoh'e-s 
civilians almost as much as the armed forces, will bring greater 
strains on the civilian population than ever before. The succe.ssful 
outcome of this global conflict will depend as much on the output 
of industry as the tactical forces in the field. Therefore, those of ib 
who must remain in civilian life must exert every possible effort t" 
prevent further spread of infection in the community and this is a 
problem not alone of industry and its immediate workers hut their 
families as well. _ . 

The spread of tuberculosis is confUtioned in large part by fnc 
number of infections cases in the community. The exposure of tnc 
worker to .silica dust is the one agent of industry recognized to 
effect the susceptibility of the worker to tuherculo.si.s. Other lu* 
dustria! agents have little, if any, effect on the individual insofar 
as tuberculosis is concerned. The problem of^ silico.sis toda> u 
much less significant than formerly and, in addition, it i.s a proiilcm 
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that can be very largely controlled through proper engineering 
procedures. Silica dust is limited to a few industries and, therefore, 
only a small percentage of all workers will ever be exposed to this 
extra risk. Thus, as important as silicosis may be as a clinical 
entity, or as a factor which increases susceptibility to tuberculosis, 
it constitutes but a small part of the problem of tuberculosis in 
industry. 

Tuberculosis control programs have been de^'eloped by some of 
the larger industrial establishments in this country with great suc- 
cess. Many large industries have not developed such programs, 
and as a rule the thousands of small industries are without any 
program for the health of their employees. Selby® of the General 
Motors Corporation has stated that the purpose of industry is 
manufacturing and that to justify a medical service it must hold 
down the time lost by illness or injury. To quote him further, 
"So the over-all problem of tuberculosis control in industry is one 
of general community concern. It cannot be segregated within 
industry 

“So far as industry itself is concerned the sound long-range 
program is to clear the plant of tuberculosis and to keep it clear. 
This does not necessarily imply that all workmen who have tuber- 
culosis are unemployable. It does mean that they must be em- 
ployed only under conditions that permit them to work in safety 
to themselves and their fellow-employees and they must have close 
medical supervision.” 

The responsibility that may be assumed by industry in this matter 
is well illustrated by the program at the Michelin works in France.^® 
The 3nanagement of this company became interested in the tuber- 
culosis problem early in this century. In 1915 they made allow- 
ances to families with a tuberculosis problem. By 1932 these 
allowances were made compulsory by law for all industries in 
hh'ance. In 1920 slum dwellings were torn down and replaced with 
model houses at modest rentals, and by 1932 all slum areas had 
been removed. In 1921 a dispensary was established for the tuber- 
culous and pretuberculous by the Michelin Company. In 1922, 
13% of new cases of tuberculosis were reported as in the advanced 
stages of the disease but by 1935 this percentage had fallen to 1.5%. 
Between 1931 and 1930 new cases reported fell from ISl or 8.2 to 
84 or 3.8 i)cr 1000 of the population. 

There are a number of large industrial establishments in this 
country which grant special privileges to their employees who fall 
ill with tuberculosis, but none who also assume the complete family 
problem. 

In Xew York City since 1933 the Department of Health has con- 
ducted an aggressive case-finding program among the apparently 
healthy adult population in selected groups.*’ In 1939, the first 
surveys were conducted in labor groups. The aiin of these surveys 
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in industrial groups was to demonstrate the problem that existed 
and find a reasonable method for the conduct of routine surveys. 
It was hoped, once the problem was known and a method for its 
solution presented, that the worker and management might be 
brought together and establish a routine service. We have demon- 
strated in a number of sun’eys the pre\'alence of disease,' but 
we have not been able to induce labor to set up a continuing program 
of its own nor to induce labor to join with management in a program 
for tuberculosis control. This failure is, undoubtedly, the result 
of the distrust labor has of the attitude management might take in 
discharging men on the basis of the findings. It is, of course, 
possible to exaggerate many of the lesions that might be found in 
routine chest radiographj-, but it is believed, as indicated by Selby,^ 
that in a joint program, adequate safeguards could be set-up that 
would protect the worker. If a laborer is suffering from an active 
or infectious tuberculosis, it is to his own advantage to seek proper 
care, and it is to the advantage of bis companions to be protected 
from possible infection. The advantages to industry are obvious 
to all. 

The sur\‘eys in labor groups in New York City have, therefore, 
been arranged entirely with labor organizations and never with 
management. IWiere cases have been found in need of care a way 
has always been found to induce the worker to accept treatment. 
Following some of our surveys the unions have contributed in excess 
of $10,000 in sick benefits and the payment for hospital care for 
their members. 


The success of our program in ^'arious groups has been deter- 
mined primarily by the interest and enthusiasm of the leaders of the 
union involved. Where this interest is dynamic tlie cooperation 
has reached as high as 70% of tlie union membership, and, con- 
versely, where the union leaders w'ere more concerned with routine 
union problems and treated the sur^•ey as a desirable but extra 
duty, the cooperation has been as low as 12 %. 

Between January, 1941, and up to July of 1942 a total of 15,644 
individual members of 13 unions and S defense plants have been 


.T-rayed and are reported here for the first time. 

Of the above total, 10,168 were .r-rayed in 1940 and 1941, and 
5476 have been .r-rayed in 1942 and are directly related to defense 
industries and two large commercial airlines. Some comment is 
necessary on the two groups as they were approached in a somewhat 
different manner. In the first group the unions ini'olved for the 
most part approaclied the Department requesting a survey. Every 
effort was made to point out to the leaders of the various unions 
the estimated prevalence of disease e.xpected, the importance of the 
survey, etc. Usually conferences were arranged with shop foremen 
to explain the program, the successful methods of approach m other 
surve^■s, and to answer any questions they might have. Then tne 
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union letter, posters and by word of mouth from the leaders and 
shop foremen endeavored to sell the idea to the rank and file of the 
membership. By and large in these surveys the percentage of co- 
operation was low compared to that in certain of the textile surveys 
previously reported, and it is believed that it was due primarily to 
the inability of the union leadership to put the program over, and 
to the fear of the Avorker that he might lose his job. In one of these 
unions (cooks and chefs) a strong appeal AA’^as made to them on the 
basis that if their membership could say that all Avere .r-rayed and 
found free of tuberculosis there Avould result a decided economic 
gain to the membership, for they AA^ould then be offering a preferred 
Avorker to the trade. 

In the defense AA’’orkers surveys started in the early summer of 
1942; the approach Avas made to them as a joint enterprise by the 
Department of Health using its WPA project, and the Queens 
Tuberculosis and Health Association. The latter organization 
served as a promotion agency by proAuding lectures, literature, 
posters and motion pictures, and in addition a Avorker to assist in 
making arrangements AAUth union leaders and management. It is 
believed that such a combination of forces comprised an ideal 
method for utilizing the official and Amluntary agencies resources to 
the best advantage. The Department of Health provided the tech- 
nical services as in all other sui’A^eys. 

At the outset, an attempt was made to secure the joint coopera- 
tion of labor and management in this program, because it Avas felt 
that such programs should become a routine for pre-employment 
as AA'ell as the regular periodic examination of employees. The first 
approach AAms made to labor leaders. As a result of preliminary 
discussions it became obvious that labor did not AA^ant to enter a 
joint program AAuth management. Labor did not AA'ant management 
to ])e in the position of saying that they had giA'en labor the service 
even though the entire program A\muld be provided without cost to 
either. This was unfortunate because it later proA'ed difficult in 
several instances to arrange for a set-up of the Roentgen ray unit 
in the shop Avhere the service aa'ouM have been more conA-enient to 
the AA’orker and Avould, undoubtedly, haA-e resulted in a much higher 
attendance. Even though union headquarters AA'ere located not far 
distant from the plant, there AAms evident a reluctance on the part 
of the men to come for Roentgen ray before or at tlic close of a shift. 

This program is being continued and it is hoped that a joint 
effort by labor and management can ultimately be achie\'ed. 

Results of Surveys. The results of the first group of surveys are 
shoAvn in Table 1. As these studies are made up of a number of 
different types of Avorkers, some of Avhich are small in number, they 
are being iirescnted in less detail as compared to previous reports 
on surveys.' Instead of 5 year age di\'isions the mean age has been 
computed. By color, the material Avas predominantly white as 



576 


Edwards: tuberculosis in industry 


S8.287o were so classified, 7.26% were negro, 4.16% Puerto Rican, 
and 0.3% unspecified. Approximately 80% of the individuals were 
males. Of tlie white, 80.75% were males. Of the negro, (ir).72% 
were males; of the Puerto Rican, 74.7% were male.s, and of tlie 
others unspecified, 96.77 % were males. 

Table 1. — The Prev.alence of Tubercclosis by Roentoex Ray Exvminvtion 
OF 10,108 Union Workers in JSTew York City, 10IO-19U 

Xutnlicf and per cent with luWtruWi* 

Actiw pul. 



Number x-raj-ed 


tbc.* 

Arrc^tctl 

Primart 





Mean 

















Type of population 

Total 

M 

F 

age 

No. 

r* 

Xo. 

u 

No. 

r 

Food Trades . . . , 

1.12S 

1,120 

S 

39 S 

11 

0 9S 

42 

3 72 

173 

r. 31 

National ^tarit^me Union 

1,812 

1,790 

22 

3G 5 

20 

1 10 

62 

3 42 

3’-. 

17 91 

United Furniture Workers 

421 

195 

26 

30 9 

4 

0 95 

i 

1 66 

fll 

14 96 

Bleachcra and Dj^rs 

•170 

■161 

7 

34 2 

7 

1 40 

S 

1 70 

.m 

10 61 

United Electrical Workers 

1,10S 

1,051 

57 

33.1 

4 

0 3C 

oo- 

1 09 

101 

0 12 

Cbain Restaurant Workers . 

1,127 

SS3 

244 

4‘> o 

5 

0 44 

4S 

4 28 

218 

19 31 

ATnalpamatcd Meat Workers 

194 

194 


14 0 

1 

0 52 


1 03 

40 


Laundr>' Workers 

.191 

197 

IM 

IS 9 

I 

0 26 

IS 

4 to 

61 

18 .ir 

Dept. Store Joint Board 

113 

6t 

52 

32 2 



s 

7 OS 

16 

14 \f> 

United Office and Prod. Workers 

1,110 

4SS 

622 

29 4 



<>■> 

1 OS 

13») 

n Ti 

American Communications A«!sn 

5&1 

330 

234 

10 5 

o 

0 81 

18 

2 ,81 

72 

12 77 

Hat Block and D>*£T8 

202 

202 


37 7 



15 

7 41 

2.'» 

12 3^ 

1. 1,. G. W. U. Xwdle Trailer 

I,i2S 

906 

622 

29 0 

14 

0 92 

38 

2 49 

128 

s r» 

Totals 

10,108 

S.OW 

2.0« 

34 5 

GO 

0 OS 

ms 

1 m 

1.401 

n 


• Aetjw and clmically sisnificanf. 


There were 69 cases of significant tuberculosis found in this entire 
group, 86.96% of which were in the white, 5.8% iti the negro, 
7.25% in the Puerto Rican and none in the uusjK'cificd groui^. 
The white males accounted for 82.61% of all significant lesions in 
the entire group. Likewise, the 305 arrested jnihnonary lesioii' 
were more prevalent in the wliite than other races. The percentaue 
being 91.15%, in the negro 3.28%, in the Puerto Rican 5.57^(' and 
in the unspecified group 0.98%. 

The 10,168 workers inchided in Table 1 represented 13 diflcreiit 
union groups of widely I'arying types of occupation. 'J'herc were 
2449 members working in various food trades ranging from (1.19L 
to 0.98% of clinically significant tuberculosis. 

There were 1812 members of the National Maritime I nion witli 
a prevalence of significant tubercu!o.sis of 1.1%. The memher.-iiip 
of this union is considerably larger than the numbers liere re()orte(I. 
and from previous knowledge of the apparent frequency of tiihcr- 
culosis among laborers of this cla.‘:s, it is believed that an even 
higher rate would be found among a more random samiiie. 

The highest prevalence rate of .significant pulmonary tubereiilo'i' 
in this group. 1.49%. was found among members of the Rleaelief' 
and Dyers Union. On the other hand, it is intere.-iting to note tli.it 
they showed a much lower than average prevaienee rate for elirorii'- 
pulmonary tuberculosis (significant and arrc.-.tcd) mid jirimary tyi>- 
lesions than for this group as a whole. Tiiere i> no eviderin- to 
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suggest that this higher rate bears any direct relation to an occupa- 
tional hazard in the industry. As the number of individuals re- 
ported here represents a substantial number of the entire member- 
ship, the results may, therefore, be considered as a fair sample of 
all workers. 

It is of interest to note that no significant cases were found in the 
Department Store Joint Board members, though so small a number 
.T-rayed is not a basis for any conclusion. The United Office and 
Professional Workers, predominantly females, revealed no active 
lesions. The Hat Bleachers and Dye Workers were small in number 
and showed no cases of significant tuberculosis. In each of the 
three foregoing groups a number of arrested cases were found. 

The results of the examination of defense workers are shown in 
Table 2. The population in these surveys was made up almost 
exclusively of the white race. Thus, analysis by color is of no 
significance. 

Table 2. — The Prevalence of Tuberculosis by Roentgen Ray Examination 
OF 5476 Workers in Industries Devoted to Defense Activities in 
New York City, 1942 

Number and per cent with tuberculosis 
lesions 



Number x-rayed 

Mean 

age 

Active* 

Arrested 

Primary 

Organization 

Total 

M 

F 

No. 

% 

No. 

% 

No. 

% 

Faircliild Aviation Corp. . . . 

577 

477 

100 

29.39 

5 

0 87 

17 

2.94 

49 

8.49 

Premier Metal Company . . . 

290 

199 

91 

31.40 

1 

0 34 

8 

2 70 

29 

10 0 

Kollsman Instrument Company . 

1,484 

1,051 

433 

29 80 

8 

0 54 

40 

2.7 

137 

9 23 

American Seal Cap Corp. . . 

188 

87 

101 

28.51 

3 

1.6 

4 

2.13 

16 

8 51 

Morey Machine Company . . 

419 

400 

19 

37.03 

2 

0.48 

20 

4.77 

63 

15 03 

General Bronze Company . . 

063 

051 

12 

34.07 

3 

0.45 

34 

5 13 

72 

8 6 

Pan American Airlines . . . 

615 

475 

140 

25.19 

2 

0.33 

5 

0.81 

44 

7.15 

American Airlinc.s .... 

1,240 

999 

241 

26 35 

3 

0 24 

21 

1 09 

132 

10 65 

Totals 

5,47G 

4,339 

1,1.37 

29.57 

27 

0.49 

149 

2 72 

542 

9 9 


* Active and clinically significant. 


The division by sex in this group of workers is quite similar to 
that of the union workers in Table 1. This is, undoubtedly^ caused 
by the preponderance of males in the Airlines, General Bronze 
Company and the Morey Machine Company. Of the two groups, 
the United Office and Professional Workers and the American Seal 
Cap employees were the only groups that had a preponderance of 
female workers. 

There were 27 (0.49%) of the defense workers group that were 
classified as having significant pulmonary tuberculosis. The preva- 
lence of arrested and primary lesions were also less than in the union 
workers in Table 1. The generally lower prevalence of disease may 
be in part a reflection of the lower average age of defense workers 
as compared to union workers. Also it may be presumed that the 
1S55 employees from airlines were selected for their work with 
greater care than in other industries. The prevalence rates in the 



57S 


EDWARDS: TUBERCULOSIS IX INDUSTRY 


airline employees were 0.33% and 0.24%, which are the lowest 
rates for any of the groups in the two studies, excepting the Laundry 
orkers with 0.26%. It is not believed that a more rejircsentative 
sample of Laundry orkers would show so low a rate. 

It was expected that silicosis might be found with some frequency 
in some of these industries. In the General Bronze Comj)an\- there 
were 7 cases or slightly better than 1%. There were 2 cases in the 
employees of the Kollsman Instrument Company. 

It is obvious, therefore, from this sample of defense workers that 
excessively high tuberculosis rates are not apj^arent. In fact, they 
are lower than for union employees regularly employed in commer- 
cial industries. Also they are lower than the jirevalence rates found 
among draftees in New York City which have averaged about 
It should not be assumed from this study that the tubcrculo=;is 
problem in defense industries as shown by this sample is of minor 
importance as the numbers involved are too small for such a con- 
clusion. 

Discussion. The findings in these studies are fairly typical ot 
similar examinations by others and again confirm our previouN 
observations that as a group the employed population invariably 
reveals less significant pulmonary tuberculosis than those iinem- 
jdoyed and on relief. It is also obvious that the prevalence of 
tuberculosis varies considerably on the basis of occupation, hut that 
so far as evidence i.s available there is no reason to believe that the 


occupations studied here can be considered as direct causative 
agents in tuberculosis. 

It is of interest to point out the rather high prevalence of chronic 
inilmonary tuberculosis of an arrested type noted in the worker.-; 
in these grou])s. The.se lesions, based on ail acceptable criteria, are 
of long standing and for the mo.st part give no evifience of potential 
danger in the future unless some untoward circumstances arise that 
will materially lower resistance. Further evidence of thi.s fact has 
been found in our surveys which have frequently included repeated 
survey e.xaminations of the .';ame individual and that have shnan 
no change in their lesions. This point has been emphasi/ed in the 
studies of Sawver* and RcifF in which thev have followed ‘■neii 


cases over varying periods of time. 

The foregoinc studies, as well as our own, indicate the need for 
sound clinical judgment in the evaluation of such Ic'ioii'' m Jire- 
cmployment examinations as well as tho^e found in survey- of 
industrial workers. It is well to rememlier that the le-ion found 
at a given examination represents the aceiumilation of patho!(e,:.\ 
over the years up to that time. The i)roper evaluation of -mn 
Ic.sions will prevent the unncce.-=ary lio-jiitalization of many '>• 
the.se indiviilnals or the exclusion of the individual from ^\orf.. 
Tliis policy has been followed in the hanfllini: of prcji'mployim iit 
as well as other types of stiidic.s by this Department witii the re-'i f 
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that many individuals with lesions apparently arrested have been 
continued in their positions while periodic Roentgen raj^s confirm 
their stability. Also in our experience, it is found that approxi- 
mately one-half of the lesions originally classified as significant on the 
survey radiograph will later be found to be arrested. In many of 
these lesions the individual is allowed to continue his regular activ- 
ity during the period of supervision. The period and frequency of 
supervision varies according to the individual case and character of 
the lesion. These lesions are of decidedly more importance in the 
younger age groups, the females and colored. 

Thus, if properly handled, these surveys of industrial workers 
need not jeopardize the job of the worker. On the other hand, if he 
does have an active tuberculosis, he should not expect to be allowed 
to continue in his job where he will be a potential source of danger 
to his fellow workers. 

Reid^ and Fellows®-® have reported extensively on the program 
at the Metropolitan Life Insurance Company. Their studies indi- 
cate that following the pre-emplojTOent examination and the annual 
reexamination, new lesions will develop. The average incidence 
rate for the 10 year period, 1930 to 1939 inclusive, was 2.12 per 
1000 males per year and 2,58 per 1000 females per year, the rate 
for females being the greatest between 20 and 24 years, and the rate 
for males exceeding the female peak but occurring at ages above 
40 years. The periodic annual reexamination has resulted in a 
steady decline in prevalence from 0.4 in 1930 to 0.1 in 1939. Fel- 
lows points out that there was no significant difference in the devel- 
opment rate of pulmonary tuberculosis in employees whose first 
roentgenogram was classified as negative when compared to a 
similar group whose first roentgenogram showed a healed primary. 
Both authors point out the increased prevalence of pulmonary 
tuberculosis among pre-employment groups as compared to regular 
employees. Undoubtedly, the routine supervision of employees 
detects lesion in their early stages and thereby prevents the develop- 
ment of ad\’anced infectious cases. 

Reid'^ reported on 139 pre-employment cases of apparently ar- 
rested chronic pulmonary tuberculosis at time of first roentgeno- 
gram and reevaluated in 10 years. There was no conclusive 
evidence of reactivation during that time, though 1 case was 
so reported elsewhere but not confirmed, and another had an un- 
stable lesion by Roentgen ray but no signs of symptoms or institu- 
tional supervision. Sawyer® indicates that in 75 arrested or inactive 
cases, that 16% of the minimals relapsed in from 1 to 5 or more 
years, whereas, 52% of the advanced cases relapsed. These cases 
were drawn from employees that cured for tuberculosis and later 
returned to work and, therefore, are not comparable with the cases 
found in pre-employment examination by Reid. As a result of the 
program conducted by Sawyer, there h.ns been a reduction in the 




ASPIRATED BONE MARROW STUDIES IN IMONKEYS 


581 


cation for the establishment of a tuberculosis control program in 
all industries. Such a program is greater than can be handled by 
the local Department of Health and is a responsibility that should 
be shared jointly by management and organized labor. 
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RHESUS MONKEYS.* 
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F. Hernandez-Morales, M.D., 

SAN JUAN, PUERTO RICO. 

(From tile Department of Internal Medicine, University Hospital, School of Tropical 

Medicine.) 

This paper is published chiefly for investigators working with 
monkeys. The literature on the hematologic findings in monkeys, 
contains but few publications on peripheral blood, and none at 
all on the bone marrow picture of this animal. 

The peripheral blood picture of the monkey has been discussed 
in some 24 publications, the most recent being published in 19.38. 
Scarborough,® in an analysis of the published data, calls attention 
to the deficient study of many of the blood constituents. 

According to Scarborough® the red blood cells in the monkey 
arc biconcave discs, showing some variation in size. Rarity of 
abnormal forms is the rule, and polychromatophilia is moderately 
frequent. HayenP failed to encounter nucleated cells in the periph- 
eral blood of the monkey after studying 4 dift'erent species. Andeuson 
and Neilb found but one nucleated cell in 10 monkeys studied. 
Krumbhaar® determined that the average of reticulocytes in monkey 
blood (Macacus) is around 0.3%, with a normal range of from 0 to 

* This work was performed on Macacus rhesus monkeys living in Santiago Island 
Colony approaching the most natural of habitats for these animals. The island is 
located about 1 mile from the eastern coast of Puerto Rico, and the primate colony 
is maintained under the auspices of Columbia L'niversity. 
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0.8%, the reticulations being more delicate than in man or other 
animals. The size of the erythrocytes is equal to those of man, 
the average diameter being 7.1 micra (Hayem®). 

Ihe average number of total red blood cells reported by four 
authors/’^-"-'^ and recapitulated by Scarborough,® is around 
5,590,000 per cmm. with a normal range of 5,000,000 to 7,000,000. 
Krumbhaar and ilusser' did not find influence of age or size of the 
animal upon the number of red blood cells. 

Results from studies in 36 animals demonstrate that the hemo- 
globin estimation varies tremendously as put forth by three different 
authors.*’^'" jllinima of 63, 73, SS and S3% are reported; nverages 
of 75, 67, 85, 103 and 95%, maximums from 82 to 115%. .\s these 
estimations were performed under widely different conditions and 
methods, a great variation is to be e.ypected. 

Krumbhaar and iMusser* described tlic polymorphonuclear neutro- 
phils as having as many as 10 to 15 lobules in their nuclei, and the 
lymphocytes, as being larger than in man. Lucas and Prizer® found 
that it was difficult to differentiate the large lymphocytes from tlie 
monocytes. The total number of leukocytes as reported by nine 
investigators*’®''* ''®’” *®''® average 16,210 per cmm. (range 8000 to 
25,000), the average differential findings being; 




nanKe. 

Poljinorphonucle.ars 

42 2 

ao-50 

Lj-mphocytes 

52.S 

-lO-CO 

Large mononuclears or transitionals 

1 .5 

1-12 

Eosinophils . ... 

3 7 

1-5 

Basophils 

.32 

.1- 5 


The average count of platelets in the peripheral blood stream of 
the monkey, as reported by Krumbhaar and IMusser,® is 267,000 
per cmm., with a variation from 155,000 to 424,000. 

As e.xp}ained before, no comparison can be established in cur 
bone marrow studies, since we have been unable to find citation'' 
in the literature in relation to this subject. In Table 3 we have 
added a comparison with normal human marrow (sectioned), a< 
given by Custer and Krumbhaar.® They ob^•iously have usefi 
dift'erent criteria for allocating nucleated red cells, polys and 
lymphocytes than those used in this study. 

Materials and Methods. Bone arrow Studic.’;. Forty he-ilthy MaMCti-' 
rhesus monkeys were submitted to bone marrow .aspirations; 21 were ronlf' 
and 19 females, wth ages ranging from fi months to 12 yc3r.=, and ■svcictit 
oscillating between I..7 and 11.-5 kilo^. There were -1 infant. =, S young nnu 

28 .adults. , I 

Tlie marrow was aspirated through an IS-gaiigc needle atfactira to ■ 
20 cc. sjTinge, since strong negative pres.mre i=: nccfie<i to oht.am eua 
minute quantities of m.arrow. The animal wa= ticfl to a t.ahle, the Iwa* 
turned to one side, and the mid'temiim wa.s cle.aned up with iwmc sw 
alcohol. Tlie nectlle w.as introduced in the midline, .and the site 
rcsi-'tance was located in the sternum. Then the needle wa'' 
obliquely at an .angle of 4,5' into the marrow cavity with verv- slighf i)re-ur . 
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Aspiration at times was quite difficult, yielding marrow for only a few 
smears, due to the scarcity of the material and to its richness’ in fat. 
The sternum of the monkey is quite soft, and cartilaginous or soft bone 
is often traversed b}' the needle with no obtention of marrow. Thus, it is 
adffisable to perforate the hardest portions of the bone that are usuallv 
encountered in the midstemum. 

Smears of the marrow were made and studied after ha\-ing been stained 
with the Jenner-Giemsa stain. Differential counts were perfomred in all 
the 40 bone marrow specimens; an average of 500 cells being counted in 
each. 

Results. Infant Monkeys. In 4 infant jMacacus rhesus monkeys, 
the bone marrow differential counts yielded tlie following results 
(see Table 1): The megaloblasts appeared to be scarce. The early 
erythroblasts ranged between 0 to 2.5% (average, 1.32%), while 
the late erythroblasts had a variation between 2 and 9.3% (a\’erage, 
5.82%). The normoblasts were present in percentages between 
6.1 and 20.5 (average, 12.3). 

There were no myeloblasts in any of the samples of the infants' 
bone marrow and but few prerayelocytes. There was an average of 
5.2% metamyelocytes and 40.05% of adult neutrophils. Eosinophils 
and basophils were scarce. 

The lymphocytes ranged between 12 and 33.3% in four sample.-:, 
while plasma cells were rare. 

Young Monkeys. The marrow of 8 young monkeys was studied 
(see Table 1). ^Megaloblasts showed about the same percentage as 
in the infants. Both early and late erythroblasts were slightly 
fewer than in the infant monkeys, while the normoblasts were fewer. 

Myeloblasts were found in only two samples. The premyelocyte.-: 
doubled the count in infants; the neutrophilic, eosinophilic and 
basopliilic myelocytes were about the same. Metamyelocytes and 
adult poiymorphonuclears averaged much the same as for the 
infants. 

There were as many lymphocytes in the bone marrow of the 
infant as in the young animals; but we found some monocyte and 
plasma cells in the marrow of the young monkeys. 

Adult Monkey.'!. We studied 28 adult Macacus rhe.sus monkey.--' 
in the same way as with infants and young (see Table 1). In thi' 
scries all the elements of the red cell series were slightly less common 
than in the other two series. 

Myeloblasts were still rare, but the premyelocytes doublcfl the 
averages of the infants and young. The metamyelocytes ranged 
higher than in infant and young monkeys. Adult polymorphonuclear 
neutrophils amounted to a little more than in the younger aniinak 
while polymorphonuclear eosinophils and basophils averaged a little 
less than in the young and infant monkeys. 

The lymphocytes appeared almost equal to the c-ount in infant-, 
but fewer than in young animals. The monocytes were found to 
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be present in larger numbers in the adults than in the younger 
animals. The percentage of plasma cells was a little higher than in 
young, and very much greater than in the infant animals. In none 
of the samples were megakaryocytes encountered, except in two 
adults. 

The erythrocytic component of the bone marrow in infant and 
young monkeys is found to be higher than in the adult animals. 
The granulocytic component is higher in the adult than in either 
young or infant, and there is a gradual decrease with age, in con- 
trary to the erythrocytic component. The lymphocytic series were 
in total higher in the infant and young than in the adult animal. 
It is interesting to notice that even in tlie adult monkeys, the 
lymphocyte count was high.* Ratios of erythrocytic to granulocytic 
series were as follows; Infants, 1 to 2.8; young, 1 to .3; and adults, 
] to 4. 

Morphologically, the cells resemble those of the human bone 
marrow. The number of lobes of the nuclei of the polymorpho- 
nuclears were numerous in some cases. The lymphocytes appeared 
to be larger in size than in human marrow and a great number 
showed many coarse granules in the cytoplasm. With the exception 
of 2 cases, megakaryocytes were totally absent. Many “loose” 
nuclei resembling reticulo-endothelial cells were encountered, but 
in a very few cases was a definite cytoplasmic component seen in 
these cells. 

Comment. In this study it should be noted that these monkeys 
live in the most natural of habitats and were caged only for a day 
or two before our experiments were practiced. Thus, the animals 
led their natural life as nearly as possible. 

The bone marrow picture of the infant monkey was characterized 
by a higher count in megaloblasts, early erythroblasts, late erythro- 
blasts and normoblasts than in the young or adult animals; but 
the number of cells of the granulocytic series was lower in the 
infant than in the young or adult. The lymphocytes were more 
numerous in the infants’ marrow than in the adults’, but equal to 
the young animals. The same thing may be said about the bone 
marrow of the young monkey, which appeared to present the same 
picture as the infant in relation to the adult. 

The ratio of the erythrocytic series to the granulocytic series 
gradually decreased with age. ^Megakaryocytes were found only 
in two adult samples. Tables of ranges and averages in per cent 
for each of the cellular components of the bone marrow are pre- 
sented in this paper. 

* The difTjciilty ol distinpushiiip l)ctwecu lynipRocytos and the more immnttirc 
typos of mieleated orythroeytos in the hone marrow stifrcrc«ts .anothor possible OKplana- 
tinn for this observation. — EniTon. 
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Summary. 1. Forty Macacus rhesus monkeys i^ere submitted 
to bone marrow aspirations in order to study the marrow picture 
of this animal. 

2. All the monkeys, of w hich 4 were infants, S young and 28 adults, 
live in the most natural of habitats, approaching the most perfei t 
w'ay of life for the animal. 

3. The average erytliroc\ tic series in the infant is higher than 
in either young or adult marrow'. 

4. The a%erage granulocytic series is higher in the adult than 
in either infant or young; the young animals’ marrow being liclier 
in those cells than the infants’. 

5. The young monkey has more er\ throc> tic cells in its marrow 
than the adult. 

6. The lymphocytes are more numerous in the infant and the 
young than in the adult monkey’s marrow. 

7. The ratio for er\throcytic and gramiloc\tic components were 
found to be as follows: For the infant 1 to 2.8, for tlie \ oung 1 to 3. 
and for the adult 1 to 4. 

S. hlorphologically the cells of the bone marrow rescmiile tliO'C 
of the human, except for the multiple loljulations ot the nuclei of 
the polymorphonuclear leukoc^tes and for the larger sr/e of the 
lymphocytes of the animal. 

9. iMegakary ocytes were seen in \cry low percentages (0 2) in 
only 2 adult animals; none were seen in cither young or infants 

10. If it were not for the high number of lymphocytes the imne 
marrow of the monkey would approach the picture of the human 
at different stages of life. 

This Tiork eoiiki not h'i\o been possible ^Mthoul the coopenlioii of .Mr .Mie!i»'! 
Tomilm in chsrgo of the Ca\o SaulnRO Prirmte Co!on\, .ami the \alu ibh iit<l <h' 
interested technical assistance of Misses Rosario %‘;!'ntic2: and Clcmcnci i Drniin 
to nhom MC are greatlj indelitcd 
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STUDIES ON THE HEMORRHAGIC AGENT 
3,3'-METHYLENEBIS (4-HYDROXYCOUMARIN) 

PART m. A REPORT ON FURTHER CLINICAL OBSERVATIONS 

By James B. Bingham, M.D. 

INSTRUCTOR OF MEDICINE 

Ovid 0. Meyer, M.D. 

ASSOCIATE PROFESSOR OF MEDICINE 
AND 

Beryl Howard, B.S. 

TECHNICAL. ASSISTANT 
MADISON, -WIS. 

(From the Department of Medicine, University of Wisconsin Medical School) 

In previous publications- we reported on 3,3'-methylenebis 
(4-liydroxycoumarin),t a drug that has become available s.yntheti- 
cally through the work of Link and his associates.^'®'*^-®-”'” It is 
the purpose of this report to briefly cite other experiences which 
indicate additional possible usefulness of tliis drug. 

Previous papers ha^"e demonstrated that Dicumarol is capable 
of prolonging the prothrombin time and coagulation time in dogs 
and human beings in dm when administered orally, or intravenously 
in the form of disodium salt. The effects are noticeable only after 
24 hours or more, regardless of the size of the dose. The drug is 
reasonably safe, but because individual responses vary considerably, 
the dosage must be controlled by daily or almost daily determina- 
tions of the prothrombin time and coagulation time. In most 
instances these roughly parallel each other. The drug appears to 
have no effect on the functions of the liver or kidneys as tested by 
the prothrombin time, the hippiiric acid test of Quick, the cephalin- 
cholesterol flocculation test of Hanger,’ determination of the serum 
proteins and non-protein nitrogen, urinalysis, and the phenol- 
sulphonphthalein test before and after the periods of observation. 
In 29 dogs, several of which were killed with the drug, no significant 
hepatic or renal changes, either gross or microscopic, were demon- 
strated. On the other hand, rather widespread dilatation of capil- 
laries, arterioles and venules was frequently noted. In human 
beings no toxic manifestations other than hemorrhage were demon- 
strated; this was ordinarily microscopic, but in 1 instance, gross 
hemorrhage from the operative site. Vitamin K, even when ad- 
ministered in large doses, did not reduce the prolonged prothrombin 
time, but transfusion of fre.sh blood was antidotal. 

It was concluded that the drug miglit well have a place in clinical 

* This invostiR.iUon h.T? been aided in part by a prant from the Wisconsin .\Iumni 
Rosenreh Foundation. 

t Dicumarol is the collective trademark forS.S'-methylencbis (4-hydroxycoumarin) 
of the Wisconsin .Mnmni Research Foundation -n-hich controls the use thereof. 



588 


BIXGUAM, MEYER, HOWARD: 


medicine in the prevention of thromboses and as a substitute for 
heparin in other conditions. It should, however, be used with 
caution; patients witli hemorrhagic tendencies or gross liepatie 
disease sliouid not receive the Dicumarol. Tiie j)roj)er dosage, in 
our experience, varies with the patient, but 80% of our "cases 
responded satisfactorily to an original dose of 5 mg./kg. followed 
by the daily administration of 1.5 mg./kg. On certain days no dose 
was given if the prothrombin time or coagulation time was too 
prolonged. The aim was to maintain the prothromiiiu time at about 
15 seconds, not beyond 19 seconds (25%), and the coagulation time 
between 15 and 20 minutes. Since tlie early reports appeared, 
others' ’® '® *® -® have made clinical studies, and in the main these 
corroborate the experiences of Butt, Allen and Bollman® and our own. 

Methods. The methods employed have been described in previous 
papers. For each patient a complete blood study and routine urinaly.'i< 
was made. Xo patient was given the drug before the bleeding time, coaaii- 
lation time, prothrombin time, and capillarj- fragility were measured. The 
normal prothrombin time, measured by the metliod of Quick as modified 
by Pohle and Stewart" was 9.5 to 10.5 seconds. Always the teelmicjuc and 
potency of the thromboplastin were checked by testing one or more un- 
treated individuals each day. The coagulation time was measured by the 

2- tube method of Lee and ^^^nto,® as modified by Pohle and Taylor.'^ 
The nonnal time by this method is, in our hands, between (5 and 14 mimito' 

Use With Ilcpariu. It is obvious that the latent pcriotl of 24 hours 
or more is disadvantageous to the patient with a recent tliromlm.sis. 
Hence the possible value of using an anticoagulant during the latent 
period was considered. It has already been stated that there was 
no theoretical oirjection to the use of heparin and Dicumarol ('fun- 
bined. The case described below, 1 of 8 treated with both heparin 
and Dicumarol .seems to demonstrate the value of the sinniltancfiU' 
use of the two substances. 

C.\SE L— A 62-}-ear-old white male, a railroad engineer, was ,'idniit(o<| 
(sendee of Dr. M. G. itlasten) on 12-9-41. On the previous d.ay lie had 
developed mimbne.ss and weakness of the left ann .and leg. TIic.-e symp- 
toms increased. For a month he had had .=onie j)ain in the occipital reema. 
Physical examination showed alertnas.s, weakne.s.s of the left hand and left 
side of the face, some dysarthria, deviation of the tongue to the left, tortu- 
osity of the retinal arteries, and a blood pres.sure of 170'lfH. It W'- 
believed that the patient had a cerebral thrombosis; later it was concliimd 
that the occlu.sion w,as of one of the ascending branches of the inidd!'' 
cerebral artery. On the day of admission the coagulatioti time and firo- 
thrombin time were both normal, and heparin was admini'lereri ^uh^lla- 
ncously and Dicumarol orally. The total dosage of hcfiarin diintig tiic 

3- (lny period of its administration was .395 mg. The re-pon-e to tii*’-'* 
drugs is shown in the ch.art. The recovery was raj)id and the patient u'. 
the hospital on 1-10-42. Follow-up .studies in the outpatient deiiartmen 
h.ave shown a satL-factory condition, and the patient has been back .at '''Or.-.. 

The chart shows that the prothrombin time increa-cd on the tfiini day e 
Dicumarol administration. With thi.s evidence of the effectivcij'"' «. tec 
dnig, the heparin wa- etojiped, and Dicumarol alone va- tidmini'tcrM- 
ajipears that this proce<lurc is logiral and worthy of ron-iderationju/.a-'' 
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where immediate prolongation of coagulation is desirable, although there is 
no question that intravenous is preferable to subcutaneous administration 
of heparin. 



Chaut 1.— Tlic cITeet of combined administration of heparin (total of 395 mg.) 
and Dicumarol (J = initial dose of 5 mg./kg.; | = daily dose of 1.5 mg. kg.) upon 
the coagulation time in a case with cerebral thrombosis. 


Srihacnic Bacterial JCndocarditix. The results of tlic combined 
use of heparin and sulfonamides in the treatment of subacute bac- 
terial endocarditis have not, in many instances, been happy. Fatal 
cerebral hemorrhages have been reported. On theoretical grounds 
the employment of Dicumarol in combination with a sulfonamide 
is less logical than the use of heparin. Nevertheless, because of 
several inquiries we treated 2 cases. 1 a boy of 14 with pneumococcus 
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Tj-pe I infection engrafted upon a rlieumatic endocarditis, and a 
second case, shown in Cliart 2. Tiie first patient was treated for 
only 15 days, the second for a total of SI days (50 days of which are 


T 35i 

' 1 


SUBACUTE bacterial ENDOCARDITIS 

(WP) FEM«lE 40E iS 
V»T Sf KS 



r n ti.i 

Chart 2.— The eftcct of the administrntion of Dicumarol comhmwl witli fulfa- 
diszine for a protracted period to a patient with Euhaciite bacteria! eiidocaniiti^ 
(streptococcus viridans; » == 5 ms.'kc. f = 1.5 mg. kg.; T = transfusion of lilooi). 


t C*Lrrf«*n^ 
« • owt It 



Chart .S. — Tiie ofTcct of prolongtsl admini'-tmtion of Di'-iimaro! to a inta nf 
Buerger's disoa-.'. Total do-age approximately Id gm. (p ^ •'> ti\g. tg : , 
1.5 mg.'kg.; C = •'> tnc. kg.i. 


depicted in the di.art). In neither in-ttaiiee wtts any nntitwartl f 
observctl. nor wa.- any benefit domon4nite<!. aitiionL’li the coastila' 
bility ttf the blood wa.-t tleerea.'-cd in botii. In liie patient treat' ' 
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for 81 days the liver function was unaffected by the protracted 
administration of Dicumarol. This patient died of her disease on 
June 12, 1942, more than 5 weeks after the Dicumarol was stopped. 
Gross and microscopic postmortem studies of the liver and kidneys 
showed only the changes attributable to subacute bacterial endo- 
carditis. Despite these 2 cases, however, in which no accident 
occurred, the use of Dicumarol is deemed unwise, as others^ have 
observed cerebral hemorrhage and death resulting from this type 
of therapy. Allen^ has advised that the drug be avoided or used 
only with great caution in subacute bacterial endocarditis. 

Prolonged Use of Dicumarol. In occasional cases it may be 
desirable to administer Dicumarol for periods of many weeks. In 
the light of the case reported above and that depicted in Chart 3, 
this is regarded as permissible. 

Case 2. A white male of 32, with mild thromboangiitis obliterans, ob- 
tained relief of pain during treatment, but whether or not the Dicumarol 
was responsible was not definitely established. Thus far he is the only 
patient that has been treated as an out-patient, and then onlj’- after a con- 
siderable period of hospital obsen^ation, and the only patient that was not 
obser\^ed almost daily with determinations of the prothrombin time and 
coagulation time. Liver function tests at the conclusion of the period of 
treatment were noimal, as they had been prior to the institution of therapy. 
During the 92-day period of treatment the drug was administered 62 times 
for a total of appro.ximately 10 gm. 

Case With Hemorrhage. Although the appearance of blood in the 
urine as demonstrated by a positive benzidine test is not unusual, 
and may occur in about 15% to 20% of cases treated with Dicu- 
raarol, gross bleeding occurred in only 2 of the first 100 cases treated. 
The first experience of bleeding from an operative site has been 
reported. A second case is here reported, because this patient was 
more sensitive to Dicumarol than any other we have encountered. 

Case 3. A Avhite male of Go was admitted to the Urological Sendee on 
3-5-42, Math the comjdaint of bloody urine. Cystoscopic inspection of the 
bladder demonstrated a carcinoma, and on 3-23-42 a total cystectomy and 
prostatic enucleation were ])erfonned. Because of the wide exposure of 
the pelyk veins, administration of Dicumarol was advised. On 3-24-42 
the patient received a total of 325 mg. (5 mg., leg.) and on 3-25-42, 98 mg. 
(1.5 mg. /leg.). The drug was then stopped because of the unusually prompt 
and marked effect. Gross hemorrhage was observetl 2 days later, a.s de- 
picted in Chart 4. Undetected hemorrhage may have been present else- 
where, for the hemoglobin fell from a preoj^erative level of 11.8 gm. to 
6.4 gm. on 3-30-42. A ]iersistcnt anemia wa.s noted thereafter and only 
gradually did the hemoglobin increase to 10.1 gm. by 5-2-42. His condi- 
tion was precarious. It was deemed necessary to give 5 transfusions, each 
of 500 cc., between 3-28-42 and 4-1-42, 2 of them on 3-28-12. The jwtient 
finally improved sufficiently to be discharged on 0-6-42. 

This patient had Iiad cyclopropune-cthcr anesthesia. Tlie ques- 
tion immediately comes to mind, Ilid the ancstliesia impair tlie liver 
so that the jiatient was thus more markedly affected by tlie l)i- 
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cumarol? The assumption is logical if we accept the theory that 
the action of Dicumarol depends upon physiologic inhibition "of tlie 
li^•er. Also, a Hanger’s test in tins patient was 4 + on 3-2S-42, 
but negative on 4-/ -42, This matter has been recently investigated 
by testing the relative sensitivity of anesthetized and iujancstheti::cd 
dogs. 



CutRT i . — The marked cfTect of administration of Dictimarol to a 
case Cyclopropane-ether anesthesia avas administered for almiit efpial f"'’ 

a total of SO minntes (J = 5 me. kc.; \ — l.o mc.'kfr.l. 


Effcrl nf Dintmarol on Ane.sthdizrd Dor/x. 'riiree tlogs wen- am— 
thctizetl with cyclopropane for 31) minutes and 3 adtlitiona! dog' 
were anesthetized for 45 minutes with cyclopropane ami ether for 
equal periods. The last 3 dog.s were given gr. (0.015 gm-) 

-3 gr. ( 0.020 gm.) of morphine siihcutancou.sly 2 htairs jtrior to tie' 
induction of anesthesia; the first 3 received none. On the d-ty ■'d*''" 
the anesthesia, each dog was given 5 mg. kg. of Diniinnnil orally 
ami the 3 unanesthetized control dogs were givt'ji a similar do-.-ig-- 
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The total doses ranged from 47.5 to 1 16 mg. Thereafter for 10 days 
the prothrombin time and coagulation time were measured daily. 
The response in the unanesthetized dogs was as marked as in the 
experimental animals; hence no increased sensitivity of normal 
animals was discernible. This lessens the likelihood that anesthesia 
was responsible for the condition in the above-described patient, 
but it does not, of course, exclude the possibility, nor does it obviate 
the necessity of attention to this detail in other postoperative cases. 

Discussion. It is hoped that the report of these additional ex- 
periences with the use of Dicumarol will be of aid to others who are 
employing or plan to emploj'' this interesting drug in clinical investi- 
gations. As our experience has grown, we have used it with less 
and less fear of untoward effects. It is still our feeling after treating 
105 patients that an approximate oral dose of 5 mg./kg. followed by 
the daily administration of 1.5 mg./kg. is reasonably satisfactory 
and gives the most stable level of prolonged prothrombin time and 
coagulation time, although repeated doses at intervals of about 
3 or 4 days are also permissible. When the disodium salt of 3,3'- 
methylenebis (4-hydroxycoumarin) is given intravenously, it is our 
custom to give 4 mg./kg. at intervals of 3 to 5 days. No matter 
how the drug is administered, repeated (preferably daily) deter- 
minations of the prothrombin time and coagulation time is impera- 
tive. The induction of a prolongation of the prothrombin time to 
below 25% of normal is almost certainly unwise, and probably 
maintenance of the coagulation time at between 15 and 20 minutes 
is satisfactory, 

Dicumarol is still in the stage of active investigation, and its 
indiscriminate use is hazardous. It has, however, been demon- 
strated that it may be given for periods as long as 90 days without 
producing subjective symptoms or detectable undesirable objective 
findings. The mechanism by which the drug acts has not yet been 
established, and one should be on guard for the possible case with 
an idiosyncrasy whence, on theoretical grounds at least, one might 
anticipate the production of serious hepatic disease. To date, we 
have not experienced any untoward effect other than hemorrhage 
from operative sites. 

The question of the actual value of Dicumarol in preventing 
thrombosis in patients, a question of major importance, is still 
unsettled, and only extensive investigations with large, well-con- 
trolled series will furnish the answer. The theoretical basis for its 
use is sound, for when properly used it is capable of producing 
hypocoagulability of blood. 

Conclusions. 1. Continued studies with I)icuniarol-3,3'-methyl- 
cnebis (4-hydroxycoumarin) have further established its efficacy in 
prolonging the prothrombin time and coagulation time in human 
beings. 

2. Administration of Dicumarol may be .safely combined with 
heparin administration when prompt prolongation in the eoagula- 
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tion time is desired. When the prothrombin time is prolonged, c\ i- 
dence of Dicumarol effectiveness, the heparin may Ije omitted. 

3. The use of sulfonamides and Dicumarol in combination does 
not appear to be of value in the treatment of subacute bacterial 
endocarditis. This therapy is not advised. 

4. As much as 10 gm. of Dicumarol has been administered o\crn 
92-day period to a patient with thromboangiitis obliterans with 
symptomatic improvement, and without detectable changes in lixer 
function. 

0 . A second case with gross hemorrhage from an operatir c '-ito 
after a small total intake of Dicumarol is reported. It w as suggested 
that general anesthesia such as crclopropane ether, which was used 
in this case, might possibly make the patient more sensitive to 
Dicumarol. Possibly smaller than average doses should he em- 
ployed. However, experimental studies in dogs do not substantiate 
this tenet. 

6. The initial dose of 5 mg./kg. followed by dailv doses of l.o mg 
kg. still appears to us to be reasonably satisfactory in most patient" 

7. Reiteration of the importance of caution in employment of thi" 
potent drug is deemed proper. Dicumarol is still under iin estiga* 
tion, and should not be used unless thoroughly reliable facilities for 
daily accurate determinations of the prothrombin time and coagu- 
lation time are readily available. 
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BOOK REVIEWS AND NOTICES 


Outline of Psychiatric Case-Study: A Practical Handbook. Bj' 
Paul Williaji Preu, M.D., Assistant Professor of Psychiatry and Men- 
tal Hygiene in the Yale University School of Medicine, Physician-in- 
Charge of the Psychiatric Clinic of the New Haven Hospital, Associated 
Psychiatrist to the New Haven Hospital. Pp. 279. Second Edition. 
New York: Paul B, Hoeber, Inc., 1943. Price, S2.75. 

Stijiulated by the methods of Adolph Mej-'ers and others, the author 
brought together the material for his first edition 3 3 ’'ears ago. The Outline 
is intended as an aid in bringing out the facts upon which the diagnosis and 
treatment shall rest. 

The first part of the book is an Outline of Psychiatric Histoiy-Taking 
and Behavioral Examination for Use With the Adult. It includes the com- 
jilaint, present social situation, background of the problem, family histoiy, 
social-ps 3 '’chiatric history, personalit 3 ’^, medical histoiy and previous ps 3 '- 
chiatric illness or problem. Included in the Behavioral Examination are 
general appearance, behavior attitude content, topics of preoccupation, 
emotional state, stream of speech, consciousness, memoiy, intellectual 
capacity and insight. A special part considers procedure when the patient 
is stuporous or comatose. 

The second section discusses the Outline of Psychiatric Histoiy-Taking and 
Behavioral Examination for Use With the Child, where much of the informa- 
tion is obtained from the mother or other interested person. Such data is 
often more complete than that given b 3 ’^ an adult whose early life cannot be 
recalled. The subject matter of this handbook is well suited to the purpose 
designated. N. 


Virus Diseases. By Members of the Rockefeller Institute for Medical 
Research; Thomas M. Ritors, M.D., Wendell M. Stanley, Ph.D., 
Louis 0, Kunkel, Ph.D., Richard E. Shops, M.D., Frank L. Hors- 
fall, Jr., M.D., and Peiton Rous, M.D. Pp. 170; several plates. 
Ithaca, N. Y. : Cornell Univ. Press, 1943. Price, S2.00. 

This book consists of the jMesseiiger lectures, gi^"en at Cornell Uni^'ersity 
hy 6 specialists in the field of viinses. Thomas M. Rivers discusses the 
nature of viruses. He takes as an examjile vaccinia and tells what has been 
learned of its ph 3 'sical, chemical and immunologic properties. Under the 
electron microscope, the elementaiy bodies appear to have some sort of 
internal structure and a limiting membrane. 

W. M. Stanle 3 ’’ speaks of passing viruses through suitable hosts, thus 
causing the viruses to mutate. It is such mutants that are used in im- 
munizing against smallpox, rabies and 3 'ellow fever. 

Swine influenza is discussed In' R. E. Shope. Between epizootes, the 
^•irus lurks in an intermcdiar 3 ' ho.s't, the lung wonn, which itself has an inter- 
niediaiy host, the earth wonn. 

Human influenza is divided ly F. L. Horsfall into parademie, ejiidemic 
and endemic t^-pes. For each t 3 ’pe he di.'scusse.s the etiologic role of viruse.'; 
and bacteria. 

Which tumors are caused ly viruses and how these agents act to cause 
tumors, is the subject of the lecture ly Pex'ton Rous. 

These lectures are quite readable, are not highly technical, and bring tlie 
subject up to date. M. M 
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PsYCHOsoiUTic Medicine: The Clinical Application of Psychopatholog}' 
to General Medical Problems. By Edward Weiss, M.D., Professor of 
Clinical Medicine, Temple University Medical School, and 0. Spurgeon 
English, M.D., Professor of Psj^chiatry, Temple University Medical 
School. Pp. 687. Philadelphia: W. B. Saunders Company, 1943. 
Price, S8.00. 

One of the latest developments in our profession is the appearance of 
psychosomatic medicine, about which a special periodical is already pub- 
lished. This subject, “at the present time embraces the neuroses plus an 
extension of our knowledge of the neuroses to the psychopathology of other 
conditions pre^^ously thought to be in the realm of purely physical medicine.” 
It is claimed one-third of all patients come under this classification, and that 
another third show symptoms dependent in part upon emotional factors. 
“The busj’^ practitioner can read the first two chapters and the last four and 
get a general idea of the subject.” As here described, the psychologic rela- 
tion of the mental processes, shows a decided Freudian coloring; in the 
diagnosis of personality trends, high tribute is paid to the somewhat 
neglected Rorschach ink-blot tests. 

Throughout the 23 chapters there are 73 case reports. The part on the 
gastro-intestinal system in 3 chapters includes functional digestive dis- 
turbances, chronic appendicitis, gall bladder disease, mucous colitis, ulcera- 
tive colitis, cardiospasm, anorexia nervosa, and peptic ulcer. Genito- 
urinary and sexual disorders consider instinctual forces, genital functioning, 
education in sexuality, emotions and menstruation, dysmenorrhea, amenor- 
rhea, frigidit}'^ and impotence. Three chapters on the endocrine system 
and metabolisn, include emotional life and ovarian function, meno- 
pausal syndrome, male climateric, puberty, relation of disorders of the 
thyroid gland, Addison's disease and the adrenal syndrome, diabetes mel- 
litus, hyperinsulinism, and obesity, 

A chapter on military medicine is well balanced. In a few chapters sopae 
subjects are considered too briefly, such as alcohol and drug addicts, which 
are accorded scarcel}*' a dozen lines. There is a want of formal neurologic 
e.xaminations. Being teachers, these authors advocate first-year instruction 
in psychobiology to parallel that of physiology and anatomy. In the 
second year the psychologic processes of adolescence should be correlated 
with those of physiology and endocrinology. The third year should mve 
combined lecture and case presentation. In the final year, that knowledge 
already acquired should be applied in the ward, class and clinic. The book 
gives many references and a comprehensive index covers more than 26 pages. 


Understand Your Ulcer. By Burrill B. Crohn, M.D., Associate m 
Medicine, Gastro-Enterology, Mt. Sinai Hospital, New York; Associate 
in Medicine, Columbia University. Pp. 199; 19 illustrations. New 
York: Sheridan House, 1943. Price, S2.50. 

In this book Dr. Crohn has done for the peptic ulcer patient ■what 
Dr. Joslin has done for the diabetic. It is the sort of book every gastro- 
enterologist has wanted to write. It covers the things the ulcer subject 
should know and -what an 3 ’- good personal physician would tell him u ne 
had the time. Many -will not agree with every statement, but for the laj 
reader’s sake the author has done well to avoid controversial issues and na^ 
shown excellent judgment, -without misleading his reader, in ormtting o - 
servations that might produce undue alarm. Part II, on diets, by bJi'Y 
Bayard, is well done and wall be found extremely helpful not only m t 
ulcer patient but also to the practising physician. Dr. Crota is m 
congratulated on a work that is certain to be popular at this time ana 
require many reidsions. • ^ 
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Advances in Internal Medicine, Vol. I, 1942. New York Number. 
Editor, J. MtJRRAy Steele, M.D,, Welfare Hospital, New York Uni- 
versity Division, Welfare Island, N. Y. Pp. 292; many figures and 
tables. New York: Interscience Publishers, Inc., 1942. Price, 84.50. 
This is the initial volume of a new series of medical publications, pre- 
pared under the supervision of Dr. J. Murray Steele, as editor, and a group 
of highly qualified associates, consisting of Drs. William Dock, Tinsley R. 
Harrison, Chester S. ICeefer, Robert F. Loeb, Warfield T. Longcope, George 
R. Minot, and I, Snapper. Each of the 10 presentations covers about 
30 pages and consists of a review of a field of clinical medicine to which 
the author himself has made significant contributions and which is regarded 
as representing an advance in knowledge. The book affords the author 
an opportunity to present at greater length and more infoiTnally than can 
be done in an ordinary journal his personal viewpoint about his special 
subject. A list of the authors and the titles of their presentations is suffi- 
cient to indicate the character and importance of this first volume. The 
use of the Miller-Abbott tube in diagnosis and treatment is covered b}'’ 
W. Osier Abbott; use of insulin and protamine insulin in diabetes, by Paul 
Levietes; sympathetic nervous control of the peripheral vascular system, 
by Robert W. Wilkins; the antibacterial action of the sulfanilamide drugs, 
by Colin M, MacLeod; the choice of the sulfonamides in treatment, by 
Chester S. Keefer; infections of the urinary tract, by Lowell A. Rantz; 
epidemic influenza, by Thomas Francis; hj'^pertension, by Irvine H. Page; 
nephrosis, by Lee E. Farr; and riboflavin deficiency, by Harold Jeghers., 
Whether or not the medical public will support and profit by such a 
publication remains to be seen, but at least this volume, because of the 
choice of authors and subjects and because of the care with which the 
papers have been prepared, including in each instance an e.vtensive bibliog- 
raphy, deserves the attention of all those who are making an effort to keep 
themselves informed about the advances in the broader field of clinical 
medicine. T. M. 


Microbiology and Man. By Jorgbn Birkeland, Ph.D., Assistant Pro- 
fessor of Bacteriolog)'", Ohio State University, Columbus, Ohio. Pp. 47S; 
35 figures, 9 charts. Baltimore: Williams & Wilkins Company, 1942. 
Price, 84.00. 

This book is designed as an elementary text for the student who plans 
to take but one or two courses in microbiologjL It is intended to serve as 
a basis for an understanding of the part play^ by microorganisms in everj'- 
day life. It is a guide for learning as well as a source book of facts. Part I 
(130 pages) is devoted to the fundamentals of microbiolog 3 L Part II 
(48 pages) is a ycxj brief discussion of infection and resistance. Part III 
(184 pages) is devoted to a discussion of specific infectious diseases. Dis- 
eases caused by bacteria, rickettsi®, and filterable viruses are included in 
the discussion, but not those diseases caused by animal parasites or fungi. 
An unfortunate error occurs on page 235 where it is stated that diphtheria 
to.xoid is prepared by treating diphtheria toxin with formalin or by pre- 
cipitating with alum. Tiie omission of the genus Closlridiiwi is not so 
excusable. No mention is made of tetanus or gas gangrene. Cl. botulimim 
is described under food poisoning, Cl. ii'clchii is briefly mentioned onh' as 
an anaerobic spore fonner which may be used as an indicator of pollution, 
G/; butyricum is mentioned in relation to nitrogen fixation. Even a 
discussion of the methods for growing microorganisms anaerobically is 
missing from the book. Part R' (76 pages) is a discussion of the micro- 
biologj' of food, milk, water, sewage, and soils. The appendix consists of a 
summary of the classification of the Class Schizomyectes, a glossaiw* of 
terms, and a list of selected references. H. il. 

voi.. 20,1, xo. 4— .vrnit,. 1943 20 
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Ophthalmology and Otolaryngology. Militarj' Surgical Manuals, II. 
Prepared and edited bj' the Subcommittee on Ophthalmologj^ and Oto- 
laiyngoiogj' of the Committee on Surger}- of the Division of iledical 
Sciences of the National Research Council. Pp. 331; 51 figures. Phila- 
delphia; W. B. Saunders Company, 1942. Price, S4.00. 

This is one of a series of G volumes known as the “OlScial Military 
Surgical Jlanuals.” These manuals have been prepared and edited by the 
various subcommittees under the auspices of the Committee on Surgerj* 
of the Dhdsion of Medical Sciences of the National Research Council, with 
the cooperation of the Surgeons-General of the U. S. Army and Na\y. 

The general purpose of these volumes is to acquamt the physicians in our 
aimed forces with ofSciallj' approved methods, techniques, and treatments. 
“ Ophthalmologj' and Otolaiyngologj'” succeeds in its effort to supply clear, 
practical, and authoritative information concerning diagnosis and treat- 
ment of specific conditions of the ejm, ear, nose, and throat. Twenty-three 
outstanding authorities handle a tremendous amount of material facilely, 
briefly, and explicitly. The chapters are well defined, the infomiation is 
clearlj' organized and edited, and the book is nicely illustrated. 

Although the specialist will probably find this manual too condensed for 
his purposes, the Army and Na\y physician should have little difficulty in 
using it profitably as a practical guide and reference. I. L. 


W.\R AND THE DOCTOR. ESS-VYS ON THE IxniEDIATE TREATMENT OF W.IB 

Wounds. Edited by J. M. Mackintosh, M.D., Chief Medical Officer 
of the Department of Health for Scotland. Pp. 135. Second Edition. 
Baltimore: William Wood & Co., 1942. Price, S2.00. 

As stated by the editor, this book is a monograph made up of a series of 
lectures delivered at the request of the Edinburgh branch of the British 
Medical Association. These lectures were given by men whose batUe e.xTien- 
ence dated from the war of 1914-1918. It is lacking in the experience that 
has been derived from the present conflict. Shock and hemorrhage is 
discussed without any reference to blood plasma. The surgical sections do 
not include any^ of our present knowledge of the use of sulfanilamide com- 
pounds. This gives a sense of unreality' to what is othenrise a fairly' ade- 
quate discussion of the surgical problems arising from war. Its greatest 
lack is that it does not cover the medical problems as they actually have 
developed. , J- “• 


Diseases of the Liver, Gall Blidder and Bile Ducts. By S- S. 
Lichtman, AI.D., F.A.C.P., Adjunct Physician, Alount Sinai Hospital; 
Assistant in Post-Graduate Medical Instruction, University Extension, 
Columbia University', New York. Pp. 906; 122 illustrations. Phila- 
delphia; Lea & Febiger, 1942, Price, 811.00. 

This textbook presents a rexdew of much of the literature on the anatomy , 
phy'siology', and diseases of the liver and the biliary- sy-stem. The arrange- 
ment of its contents is unusual in that the author begins nith a discussion 
of the irucroanatomy- of the hepatic lobule, then in the chapters on tji 
functions of the liver, its exogenous poisons, its morbid anatomy, t > 
sy-mptomatology- and etiology- of its diseases and its functional tests, i 
discusses in detail many- purely- clinical problems which have to be reco - 
sidered when finally (page 355) he takes up the specific hepatic aiseas ^- 
In spite of a formal and helpful classification of the functional tests (p ^ 
252), he later confuses the matter by- taking up various tests , , 

the blood under the heading of those applicable to the urine P ' 

thalein for instance). He repeatedly uses the word “data intheEin„ 
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The discussion of clinical entities, including affections of the gall bladder 
and biliaiy ducts, is very complete, but makes unnecessary reference to 
much of the older literature; in the end the Reviewer is often left in doubt 
regarding the author’s own viewpoint. Apparently he regards hepatitis 
only as a disease of the liver of unknown etiologj’’, referring separately to 
the affections resulting from known agents, such as arsenic, phosphorus, 
chloroform, toxic jaundice. This is at variance irith the usual custom. 
Many of the illustrations are excellent. The book will be found useful 
mainly as a book of reference. T. M. 


The Hospital Care of the Surgical Patient. By George Chile, Jr., 
M.D., Surgeon, Cleveland Clinic; and Franklin L. Shh^ly, Jr., M.D.. 
Assistant Surgeon, Cleveland Clinic. Pp. 184; 21 figures. Springfield, 
111.: Charles C Thomas, 1943. Price, -82.50. 

This small volume is an extremely valuable asset to anyone caring for 
surgical patients. It cannot be recoimnended too highly for the surgical 
interne and resident; it foresees his everj' problem and includes a practical 
discussion of the procedures and complications arising everj*' daj’- in the 
hospital management of patients subjected to surgerj'. 

The first section deals with the physiologic principles of water and chemi- 
cal balance related to the care of the patient before and after operation. 
The second section is an admirable discussion of the management of post- 
operative complications. An acceptable, standardized technique for rou- 
tine hospital procediu-es is presented in the third section. In each instance, 
care is taken to point out limitations and dangers as well as the actual 
indications. All who wish to keep in touch with the newer procedures 
employed to make an operation safe will find this book invaluable. 

L. S, 


Mental Health in College. By Clements C. Fry, M.D., Lecturer in 
Psychiatry and Mental Hygiene and Psychiatrist to the Department of 
University Health, Yale University; with the collaboration of Edna G. 
Rostow, Research Assistant in Psjmhiatiy and Mental Hygiene, Divi- 
sion of College Psychiatiy and Mental Hygiene, Yale University. Pp. 
384. New York: Conunonwealth Fund, 1942. Price, 82.00. 

This is a descriptive analysis of adjustment problems in Yale students 
treated during a 10-year period by the Division of College P.sychiatiy and 
Mental Hygiene. 

The materials are drawn from case studies and are presented in case 
study fonn. Cases used represent vaiying degrees of maladjustment aris- 
ing from a wide variety of causes and conditions. Procedures in treatment 
are outlined and results reported in those cases in which follow-uji was 
made. Cases with certain common characteristics are grouped together 
and discussed. The authors emphasize, hoAvever, that the causes of a given 
adjustment inoblem arc almost invariably complex and interactive, and 
that each problem must be studied individually, rather than treated as a 
“type.” 

Certain causal elements appearing frequently in the student cases grow 
out of (1) family relationships. (2) worries related to sex, and (3) parental 
or social “pressure for success.” 

The book docs not contain explicit suggestions concerning improvement 
of the college environment to the end of reducing the incidence of mental 
ill-health. There are, however, many implications which should be noted 
by all readers who have responsibility for mental health conservation in 
college students. T. M, 
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Fajiilial Non-eeaginic Food Allergy. By Arthur F. Coca, 

Medical Director, Lederle Laboratories. Pp. 160; 20 tables, 12 charts. 

Springfield, 111.: Charles C Thomas, 1943. Price, S3.00. 

The pthor presents verj' concisely a new method of approach to the 
diagnosis and treatment of a relatively large group of allergic diseases 
(migraine, urticaria, gastro-intestinal allergy, neuralgias, and a number of 
more or less serious conditions hitherto usually not recognized as aller^c 
such as calmer sores, constipation, nexAmusness, ph 5 ’'sical tiredness, chronic 
rhinitis, epileptiform seizures, even some cases of hypertension, and others). 
No implication is made that the above conditions are always allergic in, 
origin, but by rather definite signs and sjmptoms he is able to select those 
that are. _A surprisingly high incidence in these conditions has by the 
author’s criteria of diagnosis been found to be of allergic origin, and accord- 
inglj-^ the therapeutic test usually confirmed it. 

The category of allergic disease designated as familial non-reaginic food- 
allergj' is identified by the following points; Its characteristic sjmptoma- 
tologj’’, the failure of the usual cutaneous tests, a separate hereditarj' influ- 
ence, and the regular effect of an acceleration in the pulse rate. The author 
reports that without exception in the first 44 cases who completed the 
course of dietarj"- treatment, when the pulse rate had reached the level and 
range that was recognized as normal for the individual, the chief symptoms 
completel}' disappeared. 

Within this brief monograph are reported detailed methods of diagnosis 
and treatment with results in this type of allergj', and a discussion con- 
cerning the nature of this disease process. To the Reviewer the contents 
of this book seem to offer great hope and encouragement for the better iden- 
tification and management of a significant number of common yet fre- 
quently distressing conditions seen by the clinician. A more extensive trial 
of the procedure described is needed, and the reported results would seem 
only to hasten this. M. T. 


Carcinoma of the Stojiach. By Waltman Walters, B.S., M.D., iI.S. 
in Surgerj'-, D.Sc., F.A.C.S., Surgeon, Mayo Clinic; Professor of Surger}', 
University of Minnesota (Mayo Foundation); Commander, Medical 
Corps, United States Naval Reserve; Diplomate of the American Board 
of Surgerj'-; Member, National Advisorj' Cancer Council; Howard Iv. 
Gray, B.S., M.D., M.S. in Surgery, F.A.C.S., Surgeon, Mayo Clime; 
Associate Professor of Surgery, University of Minnesota (Mayo Founda- 
tion); Lieutenant Commander, Medical Corps, United States hiarai 
Reserve; Diplomate of the American Board of Surgers^; and James 1. 
Priestley, B.A., M.D., M.S. in Experimental Surgerj', Ph.D. in Surgerj', 
F.A.C.S., Surgeon, Mayo Clinic; Associate Professor of Surgerj', Uni- 
versity of Minnesota (Mayo Foundation); Major, Medical Reserv'C 
Corps, United States Armj'; Diplomate of the American Board of Surgerj" 
and Associates in the Maj'o Clinic and Maj'o Foundation, Rochester, 
Minn. Pp. 576; 152 figures and 82 tables. Philadelphia and London. 
W. B. Saunders Company, 1942. Price, SS.50. 

This monograph is the result of an anatysis made on 10,890 cases m 
which the diagnosis of carcinoma of the stomach was made at the Majo 
Clinic between the j'ears 1907 and 1938, inclusive. Concerning its contents, 
the following can be copied ndthout resenmtion from the authors 
“This book contains a thorough remew of malignant lesions of the ®foroac 
by the authors and their associates at the Maj'o Clinic. These cnaptc - 
have to do with roentgenographic diagnosis, gastroscopj', the clmi • 
features of malignant lesions of the stomach, the indications for freatm ^ 
and the nutritional deficiencies associated with such lesions, there i • 
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long chapter on preoperative treatment, selection of the anesthetic for a 
particular patient and a detailed presentation of the various types of 
surgical technic employed in the extirpation of malignant gastric lesions. 
The pathologic considerations are presented in two chapters, one by Dr. 
A. C. Broders and one by Dr. W. C. MacCarty. The postoperative treatment 
is thoroughly covered. Estimation of prognosis and end-results is accurate 
because of the very high percentage of follow-up studies that were made 
and calculation of survival rates covers periods up to twenty-five years 
subsequent to operation. There is a chapter dealing with roentgenologic 
treatment of inoperable lesions and a chapter on the operating room set-up 
from the standpoint of the surgical nurse.” This the authors have well 
accomplished with resort to rather frequent statistical tabulations. The 
reader is spared academic considerations, and the observations and results 
are confined to the significantly large number of case records accumulated 
at that one place. One apparent tj'^pographical error is found (p. 108, 1. 10) 
—the second word should read “microcytic” instead of “macrocytic.” 
Although the book is limited to carcinoma (and other malignant neoplasms) 
of the stomach, the career of the gastric neoplasm is long and pertinent to 
many of the fields of medicine, so that the usefulness of this book imme- 
diately becomes great. M. T. 


NEW BOOKS 

Diseases of the Breast. By Charles F. Geschickter, M.A., M.D., Lieut. 
Comm., Medical Corps, U. S. Naval Reserve, Director of The Francis P. 
Garvan Cancer Research Laboratorj’’, Pathologist, St. Agnes Hospital, 
Baltimore. With a Special Section on Treatment in Collaboration with 
Murray M. Copeland, A.B., M.D., F.A.C.S., Instructor in Surgery, 
Johns Hopkins Medical School, Visiting Surgeon and Assistant Oncolo- 
gist, University Hospital, University of Marjdand Medical School. 
Pp. 829: 593 illustrations. Philadelphia: J. B. Lippincott Companj’-, 
1943. Price, 810.00. 

Pancreatic Ptmetion and Pancreatic Disease Studied by Means of Secretion. 
By Henrik 0. Lagerlof, M.D. Translated by Helen D. Drey. 
With a Foreword by Joseph H. Pratt, M.D. Pp. 289; 50 tables. 
Printed in Sweden. New York: The Macmillan Company, 1942. 
Price, 83.50. 

SymposUan on Office Gynecology. Medical Clinics of North America. 
Vol. 27, No. 1 (Chicago No.). Pp. 272; 19 figures and tables. Phila- 
deliihia: W. B. Saunders Compan 3 % 1943. Published bi-monthlj'. 
Yearly subscription, paper, 812.00; cloth, 816.00. 

Essentials of Gi/necology. By Willard R. Cooke, M.D., F.A.C.S., Profes- 
sor and Head of the Department of Obstetrics and Gynecologj', University 
of Texas. Pp. 474; 197 illustrations, including 10 in color. Philadelphia: 
J. B. Lippincott Companjq 1943. Price, 86.50. 

Burns, Shoch, Wound Healing and Vascular Injuries. Militaiy Surgical 
Manuals Y. Prepared under the Auspices of the Committee on Surgery 
of the Division of Medical Sciences of the National Research Council. 
Pp. 272; 20 figures. Philadelphia and London: W. B. S.aunders Com- 
pany, 1943. Price, 82.50. 

The Vertebrate Eye. B.v Gordon Lynn Walls, Research Associate in 
Ophth.almologj', Wayne University College of Medicine. Pp. 785; 
197 figures (3 in color); plates and tables. Bloomfield Hills, Mich.: 
Cranbrook Institute of Science, 1942. Price, 86.50. 

The Sight Saver. Bj’ C. J. Gerling. Pp. 202. frontispiece. New York: 
Harvest House, 1943. Price. 82.00. 
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Treatment of Fractures. By Got A. CAiiDWTiLL, M.D., F.A.C.S., Professor 
of Orthopedic Surgerj', Tiilane University of Louisiana School of Medi- 
cine; Senior Visiting Orthopedic Surgeon, Touro Infimiarj'; Visiting 
Surgeon, Charity Hospital of Louisiana; Director, Section on Bone and 
Joint Surgerj*, Ochsner Clinic, New Orleans. Pp. 303; 92 illustrations. 
New York: Paul B. Hoeber, Inc,, Medical Book Dept, of Harper & 
Brothers, 1943. Price, So.OO. 

This iittie book presents the treatment of fractures in a clear, concise and 
practical manner. It is well illustrated with line drawings, most of which are 
original. The recognition of shock and its most modern treatment thereof is also 
presented. Those appliances, splints and methods of treatment which have proven 
their value in many hands, are given preference. An excellent chapter on the 
treatnient of compound fractures is given in minute detail, with particular mention 
of militarj' conditions, dfibridement, chemotherapy and transportation. The use 
of pins and other means of internal fixation are described and recommendations 
given for their usage. 

The author has given his readers a nice, complete, up-to-date and practical view 
of the treatment of fractures as met by the first aid or the medical attendant under 
civil and military conditions. E. E. 

The Metabolic Cost of Mavitaining a Startding Position. By Harriet 
Graham McCormick, Associate in Physical Education, Teachers College, 
Columbia Universit}’. Pp. 84; 8 figures. Morningside Heights, N. Y.; 
King’s Crown Press, 1942. Price, 81,25. 

The subject matter contains the methods used, calculations, and resulting impli- 
cations obtained on 50 healthy adult subjects from a study designed to reveal any 
existing relationship between posture and the variation in metabolic increase in 
the standing rate over the basal rate, and how body alignment varies with any such 
existing relationships. Her results reveal that “for the normal, healthy individual 
of average height and weight, it would seem to make very little difference, as far 
as energj’ expenditure alone is concerned, what body alignment he assumes in 
standing.” The detailed study uill interest and serve all who are concerned xrith 
the basic problem or with the related one of helping individuals to improve their 
body mechanics and posture. M- T. 

The Antigonadofropic Factor. By Bernelard Zondek and Felix Suiaian, 
Hebrew University, Jerusalem. Pp. 185; 23 tables. Baltimore: The 
Williams & Wilkins Company, 1942. Price, 83.00. 

This is a systematic alignment of opposing points of x-iew on the nature of 
“antihormones”, or substances responsible lor the refractoriness which develops 
in animals as a result of repeated injections of certain hormones, particularly the 
gonadotropins. 

The literature is extensively rexdewed, and unpublished experiments of the 
authors are included. It deals largely with the immunologic and chemical ^n- 
ciples invoh-ed in this particular phase of endocrine research. !• Z. 

Ernotiofis and Memonj. By D-vno Rapaport, Ph.D., Head of the Depart- 
ment of Psj’^cholog}', The jMenninger Clinic. Pp. 282. Baltimore: The 
Williams & Wilkins Company, 1942. Price, 83.00. 

Renal Lithiasis. By Charles C. Higgins, M.D., Cleveland Clinic, Cleve- 
land. Pp. 140; IS figures. Springfield, 111.: Charles C Thomas, 1943. 
Price, 83.00. „ 

A Surgeon’s Fight to Rebuild Men. An Autobiography. By Fred n. 
Albee, IH.D., F.A.C.S., F.I.C.S.; Foreword by Lowell Thojlas. Pp- 
349; 11 illustrations. New York: E. P. Dutton t% Co., Inc,, 1943. 

^3 oO 

Food Poisoning. By G. M. Dack, Ph.D., M.D., Associate Professor of 
Bacteriolog}’, University of Chicago. Pp. 138; 13 tables. Chicago: Ihe 
University of Chicago Press, 1943. Price, 82.00. . 

Bronchiectasis. By James R. Lisa, B.S., M.D., Pathologist, City Hospitab 
Welfare Island, Mid town Hospital, French Hospital, New ano 
Milton B. Rosenbl,att, B.S., M.D., Associate Visiting Physician, Lit? 
Hospital, Welfare Island, Chief of Medical Clinics and Chief of Lnes 
Clinic, City Hospital Division, Welfare Island Dispensarj'; 

Attending Physician in Pulmonarj- Diseases, iMontefiore Hospital, rp- 
190; 35 figures and tables. New York: O.vford University Press, u-io. 
Price, 84.00. 
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NEW EDITIONS 

Fractures. By Paul. B. Magnuson, M.D., F.A.C.S., Associate Professor 
of Surgery, Northwestern University Medical School, Attending Surgeon, 
Passavant Memorial Hospital and Wesley Memorial Hospital, Chicago. 
Pp. 511; 317 illustrations. Fourth Edition. Philadelphia: J. B. Lippin- 
cott Company, 1943. Price, S5.50. 

This edition maintains the excellent standard of the preceding ones. It further 
discusses the all-important questions of shock in its various forms and the treat- 
ment and handling of fractures under militarj’^ conditions, with especial emphasis 
on dfibridement, chemotherapy and fixation. The use and abuse of plating and 
the various materials used in their making is considered in all phases. With the 
exception of some neglect in the index of the volume, the book ranks among those 
of other authorities on the subject. Furthermore, it is nicely bound, printed and 
indited. _ E. E. 

The Relation of Certain Anomalies of Vision and Lateral Dominance to 
Reading Disability. By Philip W. Johnston. Monographs of the 
Society for Research in Child Development. Vol. VII, Serial No. 32, 
No. 2. Pp. 153; many tables and figures. Published by Society for 
Research in Child Development, National Research Council, Washington, 
D. C., 1942. Price, S1.50. 

It takes 147 pages of statistics to prove that “any observed association between 
anomalies of dominance and reading disability in the case of children born between 
the dates of October 1, 1926, and May 31, 1937, and attending the Public Schools 
of Reading, Mass., can be explained on the basis offluctuations due to the opera- 
tion of chance factors." Doubtless such information has to be obtained, but it is 
somewhat like analyzing the rat’s tail for arsenic for the reason that it has never 
been done before. F. A. 

Medical Jurisprudence and Toxicology. By John Glaister, M.D., D.Sc., 
Fellow of the Royal Faculty of Physicians and Surgeons, Glasgow; of 
the Inner Temple, Barrister-at-Law, etc., Regius Professor of Forensic 
Medicine, University of Glasgow; fonnerl}’- Professor of Forensic Medi- 
cine, University of Egj'pt, Cairo; and Medico-Legal Consultant to the 
Egjfptian Government. Pp. 671; 132 illustrations. Seventh Edition. 
Baltimore; The Williams & Wilkins Company, 1942. Price, SS.OO. 

Clinical Laboratory Diagnosis. By Samuel A. Levinson, M.D., Director 
of Laboratories and Pathologist, Research and Educational Hospitals, 
Chicago, 111.; Professor of Pathologj'’ and Assistant Professor of Medicine, 
University of Illinois College of Medicine; and Robert P. MacFate, 
Ch.E., M.S., Ph.D.; Assistant Director of Laboratories, Research and 
Educational Hospitals, Chicago, HI.; Assistant Professor of Pathologj', 
University of Illinois College of Medicine. Pp. 980; 156 illustrations, 
15 plates (7 in color). Second Edition. Philadelphia; Lea & Febiger, 
1943. Price, SIO.OO. 

Obstetrical Practice. Bj' Alfred C. Beck, M.D., Professor of Obstetrics 
and Gynecology, Long Island College of Medicine; Obstetrician and 
Gjmecologist-in-Chief, Long Island College Hospital, Brooklyn. Pp. 
938; 1064 figures. Third Edition. Baltimore: The Williams & Wilkins 
Companj', 1942. Price, S7.00. 

This volume needs no introduction to te.nchers of obstetrics. The section on 
operative obstetrics has been com])lcteIy revised and rewTitten. The number of 
illustrations has been increased and some are in color. The volume is characterized 
chiefly by its numerous and excellent illustrations, especially those which deal 
with the meclmnism of labor. Since its second edition appeared, one has been 
published in Portugese. It is supplied with an unusually full index. For the 
practitioner the volume may be considered somewhat elementarj', hut for the 
medical stiulent, anxious to grasp the sxjbject with the least elTort, it would seem 
that there could he no hotter choice. D. M. 

Diseases of the Skin. By Oliver S. Orm.sbv. M.D., Rush Profe.«.sor of 
Dermatology. University of Illinois; Attending Dermatologist to the 
Pre.sbyterian Hospit.al of Chicago; and Ha.milton Mo.vtgomerv. M.D., 
M.8,, Associate Profes.sor of Dermatologj* and Sj-jihilologj', Maj'o 
Foundation for Medical Education and Research, Graduate School, 
Fnivensity of Minne.«ota. Pp. 1360: 654 figures (6 colored jJates). 
Sixth Edition. Philadelphia, Lea A' Febiger, 1943. Price, 814.00. 
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THE SURGICAL TREATMENT OF OTOSCLEROSIS 

Within the past few years the otologic world has become deeply 
interested in the surgical treatment of otosclerosis. The fact that the 
medical treatment of otosclerosis gave disappointing results stimulated 
a few intrepid surgeons to work on the problem of the surgical relief 
of otosclerosis. The early pioneers believed that they obtained an 
instantaneous improvement in hearing as soon as a fistula into the 
labjTinth was established. This was first observed in 1S76 when Kessel 
extracted the ankylosed stapes and again in 1897 when Passow made a 
sound-fistula into the promontory ndth a trephine. There was little 
improvement in hearing, however, and it lasted but a few days. 

General opposition to the operations arose, for they Avere regarded 
as dangerous to the hearing as Avell as to the life of the patient. For 
10 years the problem slumbered, to be revived by Barany who made a 
sound-fistula into the posterior vertical canal; but again, the improve- 
ment in hearing lasted but a few days. In 1913 Jenkins made a fistula 
into the horizontal canal and obtained immediate improvement m 
hearing in 2 cases of otosclerosis, but Avhen one of the patients soon 
became completely deaf and the other lost the improved hearing, he 
abandoned the operation. Four years later Holmgren made a fistula 
on the upper curve of the anterior vertical canal, exposing this to the 
dura, and the immediate result was good but of brief duration, -■^t this 
time Barany made a fistula into the horizontal canal and covered it 
with a pad of fat prei'iously transplanted into the mastoid cavity; an 
improvement in hearing was observed for 14 days. In 1920 Holmgren, 
employing magnifying optical instruments, made an opening into the 
promontory u'hich he covered with mucoperiosteum, but again the 
result was only temporary. Tavo years later he utilized the same tech- 
nique on the horizontal semicircular canal, Avith permanent improve- 
ment in hearing in some cases, although the improA’ement Avas ncAcr 
great. In 1924 Sourdille began AA'orking on the problem, and encouragcc 
by his enthusiasm, results and technical skill, Holmgren further refined 
his technique. He exposed the saccus endol.vmphaticus and made a 
fistula into the horizontal and vertical semicircular canals. A prosthesis 
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of fat was placed over the fistula, the inner antrum wall having first 
been covered with gold leaf to prevent adhesion to the membranous 
labyrinth. In 1936 Holmgren’ described 34 patients who had been 
operated upon Avith different modifications of this technique. There 
were no serious complications and no deaths; tinnitus disappeared 
entirely or almost entirely, vertigo Avithin a month, and the improve- 
ment in hearing Avas constant and surprising. 

The technique of the modern exponents of the surgical approach to 
the otosclerosis problem Avas adapted and elaborated upon Avith con- 
siderable skill by Lempert.®“ He describes a procedure designed to 
create a fenestra in the bony capsule of the external semicircular canal 
and to provide a mechanical means of keeping the fenestra permanently 
open. Success depends on skilful and patient execution of a number of 
orderly surgical steps and its technique should not be attempted by any 
but otologists Avho have been specially trained to perform difficult 
.surgical measures of this type. Indications for the operation are: clini- 
cal evidence of fixation of the stapes; loss of hearing by air conduction 
of not more than 60% (if practical improA^ement in hearing sufficient 
to permit the patient to resume his economic and social life is to be 
obtained); loss of hearing by air conduction of not less than 40%, 
AA'hen accompanied Avith a loss of practical hearing; normal hearing 
by bone conduction determined by masking or a loss in hearing by bone 
conduction, determined by masking, which does not exceed 30 decibels 
for the 512, 1024 and 2048 frequencies; complete absence of suppura- 
tion from the middle ear; completely normal and translucent membrana 
tympani Avithout perforations; completely intact and healthy cutaneous 
lining of the bony AA'all of the external auditory canal; and a normal 
state of health. The endaural, antauricular approach to the temporal 
bone is employed because of the folloAAong reasons : the tympanomeatal 
cutaneous membrane can be obtained only Avhen this approach to the 
temporal bone is used. To aAwd risk of postoperatiA'^e infection, in 
addition to applying the strictest rules of asepsis, the surgical attack 
must be limited to the tissues directly concerned and thus reach the 
objectiA'e Avith the least amount of sacrifice of tissue. Better A’isibility 
and accessibility of the desired surgical field are obtained by this 
approach. Lempert operated on 23 patients and in 19 good practical 
improA'ement in hearing was obtained and maintained; in 4 in AA'hom 
the operation Avas performed despite poor e.xisting bone conduction, no 
improvement in hearing AA-as secured. The neAv fistula in the external 
semicircular canal remained open in 22 patients. 

In 1940 Lempert®'’ revieAA'ed his results in 120 cases in aa-IucIi the 
operation aa’us performed by means of his one-stage technique. The 
e.ssentials of this technique are: creation of a ncAv AA'indoAv in the 
horizontal semicircular canal to replace the occluded oA-al AvindoAV, and 
reconstruction of the t.Aunpanic caA'ity to include A\nthin it this ncAV 
AvindoAv by: a, creation of an intact continuous membrane of the skin 
of the external canal, Shrapnell’s membrane and the drum membrane: 
5, amjnitation of the head and neck of the malleus, to permit Shrap- 
nell's membrane to be pulled back to coA-er the ncAv AA-indoAv: c, preserA-a- 
tion of the incus in its normal position; d, remoA-al of the pyramidal 
eminence to A\-iden the tympanic ca\'ity: and, r, closing the tympanic 
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cavity from the outer ear with the tjunpanomeatal membrane so as 
to include the new ^yindow in the tympanic cavity. In the series of 
120 cases, restoration of practical physiologic hearing occurred in 
69 cases, marked improvement in conversational hearing in 10 individu- 
als, no improvement in 27, and further loss of hearing in 14 cases. 
Tinnitus was completely relieved in 69 patients and was diminished 
in 10. In 100 of the 120 cases the new window remained open; in 31, 
remsions were done. In commenting on Lempert’s work, Shambaugid*’ 
states that Lempert is criticized, partly by those who have not taken 
the trouble to investigate and observe his work and who have perhaps 
seen one or two poor results, since patients with poor results are more 
prone to seek help from other physicians than are those with good 
results. Others criticize Lempert because of his enthusiasm for his 
operation. For example, he uses the term “permanent improvement” 
when one cannot yet be sme of the ultimate fate of the hearing in the 
cases in which his technique has been used, since insufficient time has 
elapsed. Exception can also be taken to certain statements, i. c., that 
Shrapnell’s membrane reaches and covers the fistula and that infection 
of the outer middle or inner ear was ne^’er encountered. Shambaiigh 
believes that a slight low-grade infection of the postoperative cavity 
must be a common occurrence and that Shrapnell’s membrane does not 
cover the fistula. His e.xperience with tinnitus has been less favorable. 
In some patients with excellent and sustained hearing improvement the 
tinnitus has recmTed, and in others it has not been relieved. In other 
respects his experiences with the fenestration operation are similar to 
those of Lempert. From his e.xperiences Campbell believes permanent 
improvement of hearing in cases of chronic progressive deafness by 
fistulization of the labjTinth depends on maintenance of the fistula by 
prevention of bony regeneration of the labjTinthine wall. He reports on 
8 cases in which fistulization was performed according to the technique 
described by Lempert. In 4, considerable improvement of hearing was 
shown by audiometric examination. In 2, hearing in the ear operated 
on had been made worse, and in the remaining 2 there was little or no 
change in hearing. Passe'^ operated on 14 patients and finds that within 
18 months following the procedure it is difficult to assess the real value 
of the operation. Though hearing showed improvement in 5 patients, 
only 3 have improved to an appreciable extent for conversation. In 
all but 5 cases hearing loss progressed after operation, but this loss was 
always more evident in the unoperated ear than in the operated ear. 
In all improved cases the fistula sign was present. In the absence of 
other treatment, Passe believes that these results justify continuance of 
efforts to produce a permanent opening in the bony canal. The indi- 
cations for fistulization of the labyrinth are reviewed by Canfield- who 
presents 3 cases, 1 of a patient considered suitable for operation and 

2 regarded as unsuitable. Of the latter, 1 had lieadaches of long-stantl- 
ing duration and undetermined origin, and the other had a healed 
ca%'ity following radical mastoidectomy for chronic suppurative otitis 
media. The 2 unsuitable patients showed no improvement in lieanng- 
The suitable patient showed an average gain of 15 decibels for tlic 

3 conversational frequencies 1 month after operation. . , 

In the opinion of Fowler**' fenestration of the labyrinth is the on 
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surgical technique wliich appears promising for the alleviation of con- 
duction deafness. On the basis of experimental work by himself and 
others he discusses the causes of closure of labjTinthine fistulas. The 
first factor is bone chips whicli act as foci from which new bone growth 
takes place. Second, it has been found that the enchondral bone of the 
labyrinthine capsule does not participate in the bony healing of frac- 
tures. Consequently, the fistula should be made in the solid angle where 
the enchondral capsule is relatively thick and the periosteal capsule is 
relatively thin. Third, a larger fistula is apparently less likel}^ to close. 
Fourth, infection undoubtedly tends to increase bone regeneration. 
Finally, he expresses the belief that fistulization is as dangerous as any 
major surgical procedure on the mastoid, perhaps more so. Goodyear^ 
describes a simplification of the Lempert fenestration technique in 
which the conventional postauricular approach is employed. The 
operation Avas used on a patient who showed a positive reaction to the 
fistula test 3| months after operation. Utilizing the postauricular 
approach, Porta^^ makes a fistula into the horizontal semicircular canal, 
exposing the membranous canal widely and covering the fistula with a 
portion of the aponeurosis of the temporal muscle. An opening is then 
made into the external auditory meatus to this aponeurosis. The 
middle ear remains unopened. Because the fistula in the labyrinth 
frequently closes, improvement in hearing is often transient. Nasielfi® 
states that it is impossible to separate otosclerosis from chronic adhesive 
deafness, an artificial fistula being of equal importance in both diseases. 
Hughson®® describes the indications for his round window graft opera- 
tion for deafness. It is a procedure unsuitable for patients with hearing 
losses below the general level of 50 decibels, and should not be performed 
on patients over 50 years. Hughson and Witting®* state that in A’ieAV 
of the expected range of variation no change in the hearing level of any 
frequency less than 10 decibels can be considered of consequence. 
Because the 5-year cure has become more or less a standard for determin- 
ing a satisfactory end-result in the majority of pathologic conditions, 
they maintain that a patient should have the assurance of retaining any 
gain obtained for at least this length of time. After presenting his 
results with his round window graft operation in a series of 30 patients 
operated on over a 3-year period, Hughson®*^ concludes that his statisti- 
cal analysis indicates a trend toAvard improvement in the patients on 
Avhom he operated. Subjective improvement Avas e.xperienced by 60% 
of all the patients and by S5 % of those Avith favorable results. Tinnitus 
was alleviated in 5 out of 15 patients, and in 1 patient it Avas Avorse. 
As a result of this surgical procedure in no patient Avas the hearing 
impaired. 

Guggenheim and Guggenheim® criticize the fenestration operation on 
three grounds. They state that the proponents of the fistula operation 
ilo not recognize the fact that otosclerosis is not only an osseous dys- 
trophy producing an obstruction to sound conduction but that it is also 
a disease of the eighth nerA-e producing perception deafne.‘;s, so that 
e\-en though a fistula operation should pro\-e succe.ssful. it could in 
no Avay inhibit further deterioration of the neural mechanism. They 
believe that medical treatment of otosclerosis through dietary regula- 
tion ami the administration of calcium, phosphorus and A-itamins has 
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produced improvement in hearing far greater than any fistula operation 
thus far reported. Finally, they maintain that the ingenious, difficult 
and time-consuming technique which has produced coast-to-coast en- 
thusiasm has nothing whatever to do mth the success or failure of the 
fistula operation. In an osseous fistula produced on rabbits, there was, 
after IS days, lively and widespread new bone formation when the 
fistula was made with a sharp instrument or with a burnishing burr. 
No e\-idence of osteogenesis is detected at this time when the use of 
the burnishing burr has been followed by osteodesiccation by means 
of electrocoagulation. At the end of some 2 months, all osteoblastic 
activity has ceased and all mesench^nne has been replaced either by 
fatty marrow with islands of blood-forming ceils or by fibrous marrow. 
The most patent fistula results from the use of a sharp instrument. 
Next came the fistula made W'ith the burnishing bmr and completed by 
electrocoagulation, while that made with the burnishing burr alone 
showed the largest amount of new' bone formation. The fact that these 
operations were performed on a tj'pe of bone different from that of 
the labj'rinthine capsule in no w'ay affects the experiments, since all 
new bone formation is by the membrane-bone process. Shambaugh”* 
takes issue with certain statements made by the Guggenheims relative 
to the fenestration operation for otosclerosis, nameli' that greater 
improvements have been secured by dietary management and that the 
difficult surgical technique has nothing to do with the end-results of 
the operation. Pointing out that no treatment for deafness can be 
regarded as of proved value until audiometrically substantiated and 
sustained hearing improvements of more than 10 decibels for the con- 
versational frequencies are reported and that such improvements have 
never been reported following any medical or surgical treatment 
except for the fenestration operation, the author then presents his 
results in 31 cases of otoslcerosis in which he operated by Lempert s 
fenestration technique. Of the 31 patients, 77 % showed an audio- 
metric improvement of more than 10 decibels for the conversational 
frequencies 3 weeks to 14 months after operation. 

Ersner and Myers^ find that the heat created by the dull dental burr 
during labyrintlrine fenestration does not inhibit osteogenesis. It is 
believed that it is not the mechanics of the formation of a fenestra that 
baffles the otologist but the osteogenesis and closure of the fenestra 
that continue to present the perplexing problem. There is a macro- 
scopic difference in the appearance of the bone after the fenestra i.s 
formed by the Holmgren method as compared with that of Lempert. 
The scraping method of the former leaves the bone dull, and the burring 
method of the latter leaves it shiny. Experimental work on cadavers 
and cats showed that the amount of heat produced in the bone by dental 
drills is slight. They conclude that although the difficulties attending 
the siurgical treatment of otosclerosis have been overcome, the improve- 
ment of hearing of patients is only temporary in most cases. In another 
communication, Ersner and Myers® state that it is impossible to tell 
beforehand who w'ill and who w'ill not be benefited by the operatne 
procedure. Despite care in determining that bone conduction wa.« 
good, that evidence of neural involvement was lacking, that the lao- 
yrinth functioned normally and that hearing by air conduction was no 
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lost to the extent of more than 70 decibels, end-results have not been 
as good as the authors hoped to achieve. With regard to end-results, 
mere numerical improvement in decibels is of little value unless it 
brings the patient’s hearing within conversational range. Unless this is 
achieved the operation must be considered a failure. According to 
Fowler,^® recent reports are particularly open to criticism because of 
their optimistic conclusions and the paucity of facts supporting these 
conclusions. Outside of surgical methods for combating infection in 
the middle ear, there is only one surgical technique, fenestration of the 
perilymphatic labyrinth, which appears promising for alleviation of 
conduction deafness. Up to the time the article was written, reports 
complete enough to analyze show that in less than one-third of the cases 
in which operation was done satisfactory improvement was maintained 
for more than 6 months. To be legitimate, the minimum requirement 
for any elective operation for deafness should be an average improve- 
ment of at least 15 decibels for the speech range and a permanent 
reduction in hearing to 30 decibels or less. Elsewhere, FowleU* describes 
his e.xperiences with closure of operative fenestras in the labjTinth. 

A new oval window for improvement of hearing in cases of oto- 
sclerosis is described by Lempert.®® After the performance of 375 fenes- 
tration operations and observation of the end-results, Lempert is 
convinced that fenestration of the labyrinth is indicated only when air 
conduction deafness has resulted from stapedial fixation and degen- 
eration of the cochlear nerve has not yet produced impairment of the 
conversational frequencies, 512, 1024 and 2048. Desirable late end- 
results can be obtained in such cases only if there are normal and com- 
pletely intact drum membranes, patent Eustachian tubes, and complete 
absence of middle ear infection. In 88 of 300 instances in which the 
external semicircular canal was fenestrated, the newly created fenestra 
eventually closed partially or completely. There was a period of 2 to 
5 months before operation and closure. His study shows that a positive 
fistula test following fenestration indicates patency of the fenestra only 
when improvement in hearing continues. In cases of incomplete 
closure, the minute opening in the region of the ampulla may give a 
positive fistula reaction but is not sufficient to permit mobilization of 
the perilymph by air-borne sound and result in improved hearing. 
After covering the newly created fenestra with the tympanomeatal 
membrane in 50 cases, Lempert lifted the membrane and uncovered the 
fenestra after a 10-minute interval. Blood had entered the perilymph 
space and formed a fibrinous film in every case. This led him to con- 
sider the creation of a fenestra: first, in that part of the vestibular 
labyrinth which has the largest circumference of perilymph space and, 
second, in a position anterior to the ampulla of the e.xternal semicircular 
canal instead of posterior to it. Thus the fenestra would be nearer 
Shrapnell’s membrane, which makes certain that Shrapnell’s membrane 
always completely covers it. Accordingly, such a fenestra should be 
an unfavorable site for organization and conversion of a small accumu- 
lation of blood in the perilymph space into fibrous connective tissue, 
and thus its closure by bony metaplasia of a connective tissue mass 
should be prevented. In order to meet these requirements, the dome 
of the vestibule was chosen as the most suitable and advantageous 
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place for the creation of a new IabjT:inthine fenestra. The fenestra 
nov-ovalis was established in 75 cases in none of which did signs of 
impending closure of the fenestra exist at the time of the report. The 
comparatively large dimensions of the periljTnphatic space in the 
region of the fenestra nov-ovalis offer an opportunity for inserting and 
permanently maintaining in direct contact with the'lateral bony walls 
of the fenestra, an inert metal obturator frame (platinum and iridium) 
for mechanical prevention of closing of the fenestra. The observations 
indicate that fenestra nov-ovalis is anatomically well placed, histo- 
logically well constructed, and physiologically has a good functioning 
hearing window conceived and used to replace a functionally impeded 
fenestra ovalis. Like the fenestra ovalis, the fenestra nov-ovalis com- 
municates directly vith the scala vestibuli. Like the fenestra rotunda, 
it is covered by the thinnest possible membrane, both the inner and 
outer surface of which are lined with epithelium. According to Sham- 
baugh,'^' the comparative merits of different surgical techniques for 
improving hearing in otosclerosis can be determined only by a com- 
parison of the hearing results. The minimum data necessary for 
evaluation and comparison of results should include the follovdng 
featirres: every operated case should be reported; hearing should be 
measured audiometrically; there should be adequate controls, the 
unoperated ear being the best control; at least 6 months should elapse 
before regarding a hearing re.sult after fenestration as probably per- 
manent; and all complications and untoward results, including dead 
labyrinthitis, should be recorded. All reports of the result of therapy 
for deafness should present these data. A comparative analysis of 
the results with four different surgical techniques for improving the 
hearing in otosclerosis showed that the original Lempert fenestration 
technique jdelded a lasting significant hearing improvement in 27 % of 
cases. The addition of constant irrigation to the technique resulted in 
a lasting significant hearing improvement in 76 % of cases. The further 
addition of the binocular dissecting microscope to the technique resulted 
in a lasting hearing gain in 78% of cases. The nov-ovalis technique 
with irrigation and the microscope yielded a hearing gain in SS % of cases 
that have been tested 6 months or longer after operation. 

XoAH D. Fabricant, m.F. 
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PINTA— A REVIEW OF RECENT ETIOLOGIC AND 
CLINICAL STUDIES 

We have a fourfold purpose in reviewing the newer developments in 
the knowledge of pinta. Although there are several e.xcellent re\dews 
in English by Saenz, Grau Triana and Alfonso Armenteros,®®“ by 
Pardo-Castello and Ferrer®® and by HolcomM® and numerous papers 
by various Latin Americans and a monograph by Leon y Blanco,'*®-'^ 
these accounts are not readily accessible to the majority of the medical 
public. Pinta deserves special attention and repeated emphasis at 
this time because of the numbers of military personnel who are stationed, 
or will be, in the tropics. Certainly after the war it may be e.xpected 
that cases of it will turn up in this country. Furthermore, it is a medical 
condition involving large numbers of people and recent years have 
added much to our understanding of its etiologic and clinical back- 
ground. Finally, pinta is of great theoretical interest in that the 
recently disco\’’ered spirochetal (treponemal) cause for it further com- 
plicates the question of treponematosis by adding still another diseased 
state which has to be given a proper nosologic interpretation. It is our 
purpose, therefore, to discuss briefly the possible relation of pinta to 
other treponematoses and to present the data Avhich comprise the 
present knowledge of the condition. 

The Treponematoses. Although our experience has suggested the 
possibility of the existence of strains of Spirochxfa pallida with indi- 
vidual biologic characteristics (c. g., treatment resistant' ®), we are not 
proposing to discuss the treponematoses from the partisan tyewpoint 
and side either with the Unitarians or the dualists. For the sake of 
better understanding of pinta, however, a brief r&ume of the argu- 
ments for and against the Unitarian viewpoint is desirable. For a 
complete recent review of the subject the reader is referred to Good- 
man,®® Stannus,®^ Blacklock,^^ Butler,^® Williams,"® Fox,®®'^ Turner and 
associates (Ferris and Kumm®^-'*®-'®), Hudson,^^ Pardo-Castello,®®® 
Hofi'mun,®® Hasselman®® and others. Hudson (personal communica- 
tion, as yet unpublished) has defined the treponematosis as, “a uni- 
versally distributed acute and chronic specific disease, known in various 
times and places by a large number of names, such as syphilis, yaws, 
pinta, bubas, button scurvy, morbus gallicus, bejel, morfea, pian, 
irkintji, franghi, mentagra, caratc, frambesia, venereal leprosy, sibbens, 
empeyncs, radesyge, and many others. It is caused by a treponema, 
and is propagated both venereally and non-venereally. It is susceptible 
to treatment Avith the heavy metals, is diagnosed by special tests, is 
characterized by an early and late stage separated by a latent period. 
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and it evokes a characteristic pathological response from human 
tissues.” 

The precise relationship of the individual members of this group to 
each other has not been definitely determined and for a number of 
generations physicians have claimed sufficient differences both clinical 
and epidemiologic for many of them to distinguish them by separate 
names. Others have presented clinical material which demonstrates 
that the differences are not real (mucous membrane lesions occur in 
yawsf® and bejel;"*^ nervous system lesions are found in bejel;®* bone 
lesions in yaws and in bejel;®*-''® palmar and plantar lesions in bejel 
and in pinta, especially in the Cuban cases juxta-articular nodules 
in bejel visceral and aortic changes in yaws and in pinta;®* depig- 
mentation in bejel, as well as in pinta.)®®'" The chief point of dis- 
cussion is whether the dissimilarities claimed for the various members 
of the group are due to variations in the host or his emuronment or to 
inherent biologic differences in the infecting organisms. The immuno- 
logic relations between the conditions are not clear. Hudson, from his 
extensive study of bejel, believes that environmental factors (climate, 
sociologic, economic, religious, and medical) play a great role in deter- 
mining whether the disease is transmitted venereally (syphilis) or 
non-venereally (bejel). On the other hand, while the dualists believe 
that there are taiologic differences among the causative organisms of 
the treponematoses, they admit that perhaps in the remote past they 
were identical, but that there is no good e\'idence to indicate that 
differentiation occurred within historic times. Blacklock” and others 
(Hudson) have clearly pointed out that those who claim syphilis and 
yaws (also bejel and pinta) are different diseases are comparing a non- 
venereal disease of children (bejel) or of rural areas of the tropics (yaws) 
with adult venereal syphilis. 

Definition. Pinta is a chronic endemic disease of long duration, 
infectious, possibly contagious or transmissible by an as yet unknown 
vector. It is characterized by papular or papule-like initial lesions and 
is followed in a variable but usually long time by an erythematosqua- 
mous eruption which increases continuously and is transformed into 
dermatitic plaques which are superficial atrophic, pigmented and achro- 
mic, accompanied frequently by palmar or plantar keratodermias, and 
enlargement of superficial lymph nodes. It is now supposed to be due 
to a specific treponema. The cutaneous lesions are at times accom- 
panied by visceral changes (aorta, nervous system). 

Synonyms for Pinta. Pinta has been knowm bj^ a variety of names 
according to the locality in Avhich it is described. Pinta resembles 
yaws and bejel in the multiplicity of designations used among native 
peoples for it. Long lists of recent and older local designations for the 
symdrome are given by Brumpt,®®*-" by Holcomb,®® and by Leon y 
Blanco.®®^-^ The name, pinta, or mal del pinto, is said to have_ originated 
in hlexico and one of the first to use this name was the American physi- 
cian, Samuel ArCIellan*® in 1825. Among the more commonly used 
names are Tina, Mal del Pinto (Me.xico), Carafe (Colombia), -l-'d 
(Chile, Peru), Bovssarole (Haiti), Gmsarola (Dominican Repaol'^/’ 
Puru~puri( (Brazil), and Cativi (Guatemala). _ , , 

History. Le6n y Blanco®®'®'®'''''’-^ reported an extensive study of tne 
historical development of the knowledge of pinta. This full accoun 
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has been supplemented bj'' contributions dealing with special aspects 
(Pequeno,®®'* Holcomb/® Gonzalez Herrejon el and Saenz, 

Grau Triana and Alfonso Armen teros®®“). Beginning with the report 
of Alzate y Ramirez,^ the subsequent story of the sequence of events 
leading to the present concept of the syndrome is full of informa- 
tion which foreshadowed much that is now considered new. The 
reader is referred to the original studies for details but certain recent 
developments must be outlined. Little attention was paid to pinta 
until Ruiz Sandoval®® and Montoya y Flores®® described certain phases 
of it and expounded the parasitic theory, and considered a number of 
Aspergilli and Penicillia as the cause. For about 25 years subse- 
quently, it was considered as a more or less rare tropical disease. 
The recent history of pinta has been divided by Saenz and his 
associates®®" into three periods. The first period extended from 1921 
to 1929 during which time the condition was considered to be a special 
type of late keratotic syphiloderma of the palms and soles. The second 
commenced in 1929, when this condition was presumably identified as 
carate, an advancement in which Dr. Howard Fox®® of New York, and 
Pena Chavarria and Shipley,®' played a prominent part. The third 
period began August 3, 1938, with the discovery of the spirochete 
which causes the condition, in dyschromic lesions and lymph nodes, 
and with the confirmation of the hypothesis previously held by certain 
investigators as to the spirochetic nature of the disease. 

Geographic Distribution. Freqxiency of Ocoiirrence. Pinta is almost 
entirely American in distribution. It affects chiefly dark-skinned 
peoples and is endemic in Colombia and Mexico. It also occurs in 
Venezuela, Cuba,®®-®®"’®®’®®" Brazil,®® Ecuador,®®''*® Peru, Bolivia, Guiana, 
Honduras, Argentine, Nicauragua, Puerto Rico,'® Haiti,® Santo Do- 
mingo, Virgin Islands,®®® Guadeloupe, San Salvador,®-®' and Central 
America (Panama). The Puerto Rican cases are said to occur in im- 
migrants from Colombia. No cases apparently have been reported 
from Uruguay. Fox®®" could not confirm the reports that white pinta 
or vitiligo e.xisted in Yucatan. 

Cases of pinta have been reported from other parts of the world. 
Africa,'® Egypt,®® Algiers,®® Sahara,^ east of Tripoli,'’’ Turkestan, 
Philippine Islands,®® and Turkish Isles in the South Pacific. Cases 
have also been reported from Iraq and among the dark-skinned races 
of India,®'-®' and the Straits Settlements.®'-®' Fernandos®® and 
DeSilva®® reported on pinta occurring in Ceylon. Fo-x®®"* claimed that 
the case reported as pinta by DeSilva®® was unproven. 

About 1,000,000 persons in Latin America are affected by pinta. Of 
this number about 300,000 cases are in Mexico, 600,000 are in Colombia. 
Iriarte'” estimated that there were about 400,000 cases in Colombia, 
and about 55,000 cases in Venezuela. In Cuba where so much advance- 
ment in the knowledge of the disease has occurred, there are only 
about 200 cases."’®-'^ In Ecuador, there are approximately 5700 cases. 

In IMexico, a commission found in 1929-31, 11 % of 2, .500, 000 people 
examined were affected by the disease. The disease is endemic in 
approximately the southern half of the Republic. The greatest number 
of cases were observed in the State of Guerrero, 23.67 % of the popula- 
tion of more than 500,000 being affected. Other states in which the 
disease was most prevalent were in order of frequency, Oaxaca. Mexico, 
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Slichoacan, Puebla and Chiapas. In certain municipalities of the state 
of Barinas in Venezuela more than 50 % of the inhabitants are affected 
and for the entire state the incidence is not less than 10%.” Pena 
Chavarria and Shipley®* estimated that about 6.8 % of the inhabitants 
of Colombia have the disease. Leon y Blanco'*®-*^ cites other available 
data on the incidence of pinta. 

Etiology. Discovery of ike Spirochetal (Treponemal) Cause of Pinfa. 
P’or about 45 years a parasitic cause was surmised for pinta. At one 
time, a bacillus was thought to be involved.-® A mycotic origin was 
suggested by some of the earlier WTiters,'*-®®'®®'®' and as late as 1936 
Brumpt*’*® listed 27 species of fungi reported to be the cause according 
to various authors. In 1889, Tellez” for the first time recorded the 
idea that pinta is an e.vanthematic form of syphilis and is transmitted 
by venereal contact. Although a number of investigators had failed 
to be satisfied ■with the mycotic origin of the disease, and in 
spite of the report of Gratz®® and of Soberdn y Parra®® of the curative 
action of neosalvarsan, the possibility of a spirochetal cause of pinta 
was not given much consideration until the ■work of Menk®* and Gon- 
zalez Herrejbn.®® Menk, of the United Fruit Company, studied 
67 patients with carate in the Hospital Santa Marta in Colombia and 
found that 74.5% of them had a positive Wassermann reaction. He 
believed that these results indicated that carate is in some ■way related 
to an old treponematosis and that at least there is an association of 
etiologic factors such as a treponematosis and mycosis occurring at the 
same time. In 1927 Gonzalez Heirejdn came independently to the 
conclusion, after the intensive study of 3 cases, that pinta was not a 
mycosis but a spirochetosis related to sj’philis and yaws. Gonziilez 
Herrejon and Pallares®* found positive serologic reactions in nearly 
100 % of the patients suffering from pinta in Mexico, and ■were 
to isolate pathogenic fungi from the affected skin. Fox, in 1928“ 
and 1930,®®® was unable to obt-’’r '-ngi from the skin of 

pinta patients and agreed ■with G • I that the disease was 

a spirochetosis. In 1930 Thonnard-Neumann” and associates 
90 % positive Wassermann reactions in their 75 cases. They also found 
positive cerebrospinal fluids in 2 of 5 cases and changes in the aorta, 
demonstrable roentgenologically, in 80% of the cases. Pardo-Castello 
in 1936®®“ reported a number of cases of pinta from Cuba and affirmed 
the spirochetal nature of the disease in conformity ■with Gonzalez 
Herrejfin and Fox. Mooser, Varela and Vargas®® did not find an.' 
organisms in the scrapings from lesions and the blood of Me.xican 
patients ■with pinta and attempts to transmit the infection "n'ere unsuc- 
cessful. The positive proof of the spirochetal nature of pinta "a.*! 
developed when, on August 3, 1938, Drs. Grau Triana and Alfonso 
Armenteros, on the service of Prof. Braulio S.1enz, found a spiroclie c 
in the lymph of the dyschromic cutaneous lesions of a Cuban case o 
pinta. This spirochete ■was undistinguishable from that of sj'philis am 
yaws. Leon y Blanco^*® found the organisms in the I'Tnph nodes (pic 
of lymph node obtained by “gland puncture” and by Levaditi stain i ^ 
sections. These findings w-ere confirmed by Pardo-Castello ^o ay^ 
later in a case of his ovti in the dermatologic service of the 
Calixto Gorcla. Because of the scarcity of cases in Cubp * 
Blanco was sent to jMexico where he made a number of impor 
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studies which have changed the entire clinical concept of the disease. 
He demonstrated that the treponemas were present constantly in the 
cutaneous manifestations of the disease and absent in healthy persons. 
He also produced the disease experimentally in man, studied pinta- 
genous zones in Mexico, established the course of the disease and 
various factors concerned with its epidemiology. His studies have been 
confirmed by various investigators in several of the Latin American 

countries.^»-'«'“'2L3o.48.76 

The Spirochete {Treponeme). Various authorities have described the 
organism, presumably responsible for pinta. It has been variously 
called Treponema caratcum (Brumpt), Treponema herrejoni (Le6n y 
Blanco), Treponema pictor (Grau-Alfonso) (PardO'Castello®®“'‘^), Trepo- 
nema americana (Briceno Rossi and Iriarte), Treponema discromoderma 
(Leon), Treponema pintae (Sdenz, Grau Triana, and Alfonso Armen- 
teros). It has been found in serum from keratotic lesions in 
biopsy material from the skin lesions, especially the erythemato- 
squamous lesions (“empeines” or “jiotes” as they^ are called in 
Mexico). Leon y Blanco^®““ found the organism 254 times in 254 cases 
examined. They were first found in dyschromic and hyperkeratotic 
lesions of the hands and feet, typical of Cuban pinta.®®“ In late 
lesions, the spirochetal findings are variable. Pardo-Castello and 
Ferrer®” found them to be as rich in spirochetes as the early ones, 
but the active edges are usually more so. The atrophic areas 
(“burnt-out process”) are usually free of spirochetes. The organism 
is morphologically indistinguishable from Spirochieta pallida and, except 
for minor variations, the description of Le6n y Blanco*’”'^ is widely 
accepted ; 

Dimensions of the organism. “The length varies greatly between 7.8 and 36.8 
micra; it has been calculated an average value of 17.8 micra from 500 meas- 
ui'ements, ranging in length from 12-18 micra ordinarily. It is from 0.25 to 
0.30 micron thick and its spires are from 0.8 to 1 micron in depth, measuring 
the size of each interval of the screw 1 micron. The number of spires changes 
according to the length of the particular specimen observed. 

“By darkfield examination it looks like a cylindrical filament rolled up around 
a fictitious longitudinal axis in the form of a helix or screw, the spires of which 
being very regular and close. Such spires appear rigid at rest, but they contract 
and relax constantly along the longitudinal axis of the screw whenever the 
germ moves. Its ends are sharp-pointed. 

“The motility of T. herrejoni holds a verj' close resemblance with the motility 
of T. pallidum, showing as high a rate as that of the latter. It turns rapidly 
around its longitudinal axis and may exhibit an 0, P, or S-shaped form after 
bending itself by distortion or flexion movements. Undulating or creeping 
movements are not infrequently shown by the whole body of this parasite. 

“It is readily stained by the silver impregnation methods advised for stain- 
ing Spirochetes in smear preparations, as well as by Giemsa’s stain, Carbol- 
fuchsin, and Gentian Violet, after picric acid, tannin or Potassium permanganate 
has acted upon the smear. 

“A 10% solution of Saponin dissolves these Treponemata in 6 hours at 
room temperature. The same result is obtained either by sodium taurocholate 
or bile. Distilled water causes them to swell.” 

Le6n y Blanco has not yet succeeded in culturing the organism and 
a suitable animal for inoculation still remains undiscovered. 
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In fresh preparations the organism remains motile from 1 to 6 hours 
according to the temperature. Heating the specimen to 50° C. for 
15 minutes kills the organisms but at 40° C. and at 42° C. they sur\uve 
3 and hours respectively. Varela and Nieto Roaro"® found that 
the organism dies more quickly in bile than does Spiroch^ta pallida. 

Curbello, Palomino, _ Conde and Garzon*® have cultured biopsy 
material from pinta lesions in ascitic flm’d under aerobic and anaerobic 
conditions. They were able to produce a spirochetal keratitis by inject- 
ing this culture material into the anterior chamber of the eye of a rab- 
bit. Le6n y Blanco^®/'^ was unable to confirm these findings, 

Transmissibility of Pinta. Attempts to inoculate guinea pigs, rab- 
bits and rats with pinta have failed.^' Saenz®** stated without detail, 
that “ the cornea and testicles of rabbits were inoculated vdth fragments 
of tissues from persons with pinta, and keratitis and epidid.mitis 
similar to those obtained in experimental sy^philis resulted.” Although 
Ortiz and Gandara** were able to produce keratitis by inoculating serum 
from skin lesions containing niunerous spirochetes, no organisms could 
be demonstrated in the lesions thus induced. Attempts by the same 
investigators to produce lesions in parrots and pigeons were also 
unsuccessful. 

In spite of the reported failmre of Mooser, Varela and Vargas*' to 
produce positive inoculation of healthy men and laboratory animals 
with the blood and exudates from the lesions of pinta, Le6n y Blanco 
in 1938”® successfully inoculated himself and volunteers with material 
containing the spirochete of pinta. As a result of these inoculations lie 
has made observations which have clarified the clinical concepts of 
pinta. This investigator found, incidentally, that sj^philis does not 
render a patient immune to pinta. A superimposed infection cannot 
be obtained during the pigmentary period of pinta; on the other hand, 
it is always obtained during the initial or spreading periods of the infec- 
tion. A first attack does not give rise to immunity. A short time after 
recovery from the first attack (2 months after recovery from the disease 
in the primary period or 4 years in the dyschromic one, approximntel.v) 
it is possible to produce experimental reinfection. 

Aside from direct inoculation of infected material from a diseased 
to a healthy person, pinta is thought to be carried to the new host by 
way of an insect vector. This idea has been entertained for a long 
time, Leon y Blanco and Sober6n y Parra*® fed the fly Moscas Hip- 
pclates with serum containing Treponema herrejoni and succeeded m 
transmitting the disease by placing the flies to feed immediately after- 
ward on cutaneous excoriations of a volunteer. Leon y Blanco'' also 
found the treponemata of pinta in bed-bugs (Ghncx Icctulariits). He 
believed that if the insect vector is involved, it might transmit the 
disease by depositing upon the abraded skin its feces containing the 
spirochete or by being crushed upon abraded skin at the time of biting. 

The histologic changes in the cutaneous lesions and the lymph _nod<> 
in pinta have been fully described by Le6n y Blanco.''®® The initia 
lesion and pintids show slightly thickened epidermis with elongation o 
the papillary processes. The stratum mucosura presents edema am 
intercellular infiltration of lyunphoeytes. The pigmOTt is scarce m the 
basal layer. The corium shows a dense perivascular infiltrate of plasm 
cells, lymphocytes and occasional histiocytes and polymorphomicle.'ir 
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leukocytes. There are numerous melanophores in the papillary layer. 
The endothelium of the blood-vessels are invaded and sometimes dis- 
sociated by the inflammatory cells. The pigmentary changes reflected 
by the blue-black or brown of the lesions are already noted in the 
histology of the early lesions. 

The late lesions show “ atrophy of the epidermis, absence of pigment 
in the basal layer, huge accumulation of melanophores in the upper part 
of the corium, alternate or continuous band-like infiltration of lympho- 
cytes in the papillary and subpapillary layers, and, in cases in which the 
hyperkeratosis is a decided feature, the accumulation of corneous mate- 
rial on the atrophied epidermis.”®® 

In all cases studied by Pardo-Castello and Ferrer, “ atrophy of the 
epidermis has been an almost constant feature and the patches of 
melanophores in the subpapillary region a characteristic histopathologic 
observation. Extracellular grains of pigment may also be noted in 
and between the cells of the infiltrate. In the leukodermic patches, 
there is complete absence of pigment, atrophy of the epidermis, dis- 
appearance of the papillaj and sclerosis of the connective tissue. These 
are evidently the end of the inflammatory process and represent the 
final stage, atrophic and cicatricial, of the disease. However, Le6n y 
Blanco'*®^^ reported on some early vitiligoid lesions with active inflam- 
mation in which spirochetes are particularlj'^ abundant.” Pardo-Cas- 
tello and Ferrer®® have been able to confirm this observation in a case 
of vitiligo-like lesions of the scrotum. Becker® considered the depig- 
mented spots of pinta as an end-stage, and hence its lack of response to 
treatment. In all lesions of pinta it is possible to demonstrate spiro- 
chetes among the cells of the epidermis, especially in the stratum 
Malpighii by silver impregnation methods. 

Saenz, Graii, Triana and Alfonso Armenteros®® have described the 
essential pathologic features of keratosis. The chief epidermal change 
is marked hyperkeratosis. Otherwise the findings are essentially as 
outlined above. 

Leon y Blanco^®*' in his discussion of lymph node pathology noted 
that all are affected by chronic adenitis verj' much like that of syphilitic 
lymph nodes. The process terminates in a perivascular sclerosis and 
on spreading destroys almost all the parench;sTna. TSvo features dis- 
tinguishing pinta lymph nodes from syphilitic lymph nodes are the 
constant presence of melanin pigment and some hyaline corpuscles 
the nature and significance of which are as yet undetermined. 

Eosinophilia. In 1925 Pena Chavarria and Shipley®* called attention 
to the occurrence of eosinophilia (10% to 73%) in pinta in patients free 
from intestinal parasites. These results were confirmed by Gonzalez 
Herrejon (1927)’** and others. Eosinophilia occurs in about 75% of 
cases. Leon y Blanco also observed increase in basophils in 10% 
of eases. Local eosinophilia also occurs in the cutaneous lesions and 
enlarged lymph nodes of pinta.'*®** 

Serology of Pinta. 'INvo facts have been disclosed by numerous 
studies which indicate the relationship of pinta to sypliilis. They 
are the blood-serologic findings and the response of pinta lesions to 
antisyphilitic remedies. The outcome of the blood tests and the results 
of treatment are well knowm to syphilologists to be highly non-specific 
in nature."® Nonetheless they have played a prominent role in the 
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development of the spirochetal theory of etiology of pinta and will 
be briefly re\dewed. _ The serologic tests are still of value in diag- 
nosis, if not differential diagnosis, and the antisyphilitic therapy offers 
hope for control of the disease, pinta. 

The blood serologic tests, both complement fixation and flocculation, 
have given variable but uniformly high percentages of positive reactions 
in the various phas^ of pinta. Pardo-Castello and Ferrer®" in a sum- 
mary statement believed the serologic reactions were positive in about 
60 % of patients with the early stage of the disease. Serologic reactions 
in the late period of the disease were, according to these investigators, 
positive in 100 % of the cases. The serologic reactions gradually become 
positive as the disease evolves. Effective treatment usually lias no 
influence on the serologic reactions. This serologic fastness is, according 
to Leon y Blanco^"'^^ a constant feature of pinta {sccucla scrologica). 

The proportion of positive serologic reactions in pinta varies accord- 
ing to the author, the type of test and the phase of pinta considered. 
Menk^ found 74.5% positive Wassermann reactions. Register®* used 
the Wassermann, Kahn and Meinicke tests. Of 287 patients tested 
with the Wassermann test, there were 80.6% strongly positive, 4.8% 
moderately positive, 6.7% negative, and the remainder negative. 
117 of those tested vdth the Kahn test, 81.1 % gave positive reaction.s, 
5.6% were weakly positive and 7.6% were negative. The Meinicke 
test gave 74% of 118 cases positive, 5.4% sliglitly positive, and 11.4% 
negative. 

P^rez Rodrfguez® found the Wassermann test strongly positive in 
95.5% of 109 cases. Thonnard-Neumann and associates'* found 90% 
of 75 cases in Colombia positive. Briceno Rossi and Iriarte” in 
l’’enezuela found that in two regions the treated cases gave 78% and 
77% positive Kahn reactions, while among the untreated cases the 
percentage of positi\"e Kahn reactions was 100. A Mexican Commis- 
sion®® found 125 of 130 cases positive. Leon in Ecuador found 78% 
positive to the Wassermann test and 90% positive Kahn reactions. 
The strength of the flocculation reactions was more intense tiian the 
complement fixation reactions. Gonzalez Guzman"® in a series of 
3 papers found that with the Wassermiinn and the Kahn verification 
tests the blood of pinta patients reacts like the blood of patients witli 
syphilis. The verification test gave the syphilitic tj'pe of reaction m 
20 patients with late clinical lesions. In patients with “pintidcs 
(early stage) the Kahn test alwaj's gave positive reactions but tlic 
Wassermann test yielded inconstant reactions, being negative in 307c 
of the cases. Chargin and Rein*® tested 268 cases of pinta witii the 
Kahn verification test. All gave positive (4 to 160 units) reactions to 
the Kahn quantitative test. Of the 225 specimens, 83.9% gave the 
s^Tihilitic type of verification reaction while 6.3 % gave the genera 
biologic (non-syphilitic) type of reaction, and 9.7% gave inconciusne 
results. These data parallel those of Escobar. Briceno Rossi am 
Iriarte*® performed 111 Kahn verification te.sts in cases cured after 
1 year. IMiile the proportion increased to 100% in the active eases, 
7S'% were strongly positive. Recently a new Kahn verification pro- 
cedure has replaced the heat test. No reports have been found teef 
on the application of this new procedure to pinta blood. _ Saenz, wa 
Triana and Alfonso Armenteros®® found persistently positive scromgi 
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reactions in all their cases in spite of treatment. Leon y Blanco^®''’"^ 
studied the serologic reactions in various phases of pinta. In the 
primary period, he found negative reactions in 17 experimentally 
inoculated patients, at the time of inoculation and just at the start of 
treatment. In the secondary period, he performed 94 Bordet- Wasser- 
inann tests and 107 Kahn tests. While 88.78 % of the flocculation tests 
gave positive reactions, 86.14% of the Bordet-Wassermann tests also 
gave positive reactions. 

The cerebrospinal fluid in pinta has also received considerable atten- 
tion. The Mexican Commission®^ found meningeal reactions and 
strongly positive Wassermann reactions. Varela could find no cerebro- 
spinal fiuid changes but in 1936 Pardo-Castello®®“ in his study of 
23 cases found 5 with increased globulin values and in 1, positive 
Wassermann and Kahn reactions. In his studj'^ with Ferrer, Pardo- 
Castello®® reported that in 12 of 23 (52.1 %) cases examined there were 
pathologic changes in the cerebrospinal fluid similar to those found in 
asymptomatic neurosyphilis. Saenz and his coworkers®® found cere- 
brospinal fluid changes in 10 % of the cases. Grau Triana®® studied the 
cerebrospinal fluid of 12 patients with pinta and found abnormalities 
in 2 of them. Botero'® found no cerebrospinal fluid changes in 69 pa- 
tients with carate examined. Leon y Blanco in unpublished work 
found no abnormalities in the cerebrospinal fluid of 53 patients in the 
late phase of the period of generalization. 

Treatment. The treatment of pinta is similar to that of syphilis 
and yaws. The details of the development of the knowledge of the 
value of the major antisyphilitic drugs (arsenicals, mercurials and bis- 
muth compounds) and even feveri®'* are fully covered in the monograph 
of Le6n y Blanco*'®-^''^ and in Holcomb’s'*® review to which the reader is 
referred for details. Mercury and the arsenicals were used as early 
as 1913 by Gratz®'* in Colombia. Leon y Blanco states, however, that 
the mercury salts were used empirically for more than a century for the 
treatment of this disease® (1811). Although the modern arsenicals for 
pinta include mapharsen (arsenoxide) we find no reference to the appli- 
cation of massive arsenotherapy to this disease. 

Epidemiology. Pinta is essentially a rural or suburban disease, oc- 
curring chiefly among indi^4duals of poorer classes, laborers and persons 
living under unsanitary conditions. Its greatest distribution occurs in 
river valleys. In certain of the countries, there are distinct “pinto- 
gcnous ” zones. The disease is rare in the white persons. The majority 
of Cuban patients are negroes, while in jMexico, Venezuela, Colombia 
and Ecuador persons of the Indian race and mestizos are the most fre- 
quent sufferers.'*® Pardo-Castello and Ferrer®® found the disease in 
white persons in 12% of their Cuban cases. The disease occurs with 
equal frequency in males and females (51.52% males and 48.48% 
females in IMexican group*® '*®'^0- It occurs mostly between the ages of 
10 to 20 years. The primary lesion occurs especially on the extremitie.s 
(in exposed parts). The possible mode of transmission is by direct 
contact, intimate and prolonged. The possibility of an intermediate 
iiost (insect vector) has been previously mentioned. Human and ani- 
mal inoculation has also been dealt with above. 

Clinical Manifestations. The extensive studies of I.,e6n y Blanco in 
Mexico have led to an entirely new concept of the clinical course of 
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always associated with other characteristic changes of the skin. It was present 
in 23 cases and showed a predilection for bony prominences such as the knuckles, 
elbows, knees and ankles. Another favorite site was the flexor surface of the 
wrist. 

“Partial depiginentation was observed in 30 cases, occurring most frequently 
in association with other pigmentary changes. It was usually diffuse and often 
occupied extensive areas such as the greater part of the back and extremities. 
In some cases it consisted of pin head lesions intermingled with brownish 
hyperpigmented or bluish puncta, forming reticulated areas of most bizarre 
pattern. A favorite site for this t 3 'pe was the fle.xor aspect of the upper extremi- 
ties, especially the forearms. 

“Brownish hyperpigmentation was observed at the border of the vitiligoid 
patches and as pea to bean siz<;d cafe-au-lait spots on areas of partial depig- 
mentation.” 

In addition to the cutaneous manifestations, pinta resembles syphilis 
in involving certain of the viscera, especially the heart and aorta. 
The cerebrospinal fluid changes have been cited above. Aortitis was 
reported by Thonnard-Neumann, Comacho Moya and Brewster"^ first ; 
then by Pardo-Castello and by Saenz and his collaborators. Pardo- 
Castello and Ferrer®® found 20 cases (64.5 % of 41 cases) with enlarge- 
ment of the aorta and thickening of the aortic wall. The authors 
believed age was possibly a factor in some of the cases but high blood 
pressure was present in 8 cases, in 5 of which no aortic changes could be 
ascertained. Saenz and his coworkers®® observed cardiovascular lesions 
in 23.3 % of their cases. They noted, incidentally, that keratosis of the 
palms and soles were frequent in the Cuban cases.'*®" 

Pinta thus represents another milestone in the efforts to evaluate 
the syphilis-like diseases. It is another example of the speed and the 
completeness with which modern investigative methods can organize 
from scattered beginnings the completely evaluated picture of a disease 
entity.^"^ With the discovery of an organism, morphologically indis- 
tinguishable from Spirocliceta pallida, the laAvs of Koch have been 
fulfilled only a little less than in syphilis. But with this discovery of 
the treponemal cause of pinta, comes rationalization of effective therapy 
previous!}’ used empiricall}'. With increased knowledge of the clinical 
aspects of the disease and the possible modes of its transmission, pro- 
phylaxis can be successfully employed. Credit is due to the inde- 
fatigable industry of the workers in our neighboring Latin American 
countries. 

Hekm.^.v Beerm.^x, M.D. 
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Due to the urgency of war tvork, the February session of the Physio- 
logical Society of Philadelphia was not held. 
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THE PROBLEM OF PRIMARY SCIATIC NEURITIS 
(An Analysis of 55 Cases.) 

By Bernard J. Alpers, jM.U. 

Herbert. S. Gaskill, M.l). 

AND 

- Benjamin P. Weiss, IM.D. 

PHILADELPinA, PA. 

(From the Department of Neurology, JefTerson Medical College) 

The need for an analysis of a group of cases of sciatic neuritis 
may occasion some surprise. When, however, one reads that “from 
the reports in the literature it seems evident that there are very 
few cases of primaiy sciatic pain,”® it becomes clear that it would be 
necessary to readjust one’s ideas concerning sciatic neuritis if this 
statement were to be accepted at its face value. This concept, 
strange as it may appear to many, is supported further by the study 
of Grossman and Keschner,” who assert that “a primary mono- 
neuritis or radiculitis of the sciatic nerve is extremely rare” and that 
practically all the cases of sciatica are secondary in origin. The 
tendency further to regard sciatic neuritis as a secondary manifesta- 
tion of an osteoarthritis of the lumbar spine, with which it is assumed 
to he synonymous,® makes a study of cases of sciatic neuritis or 
primary sciatica still more pertinent. Add to this the recent popu- 
larity of nucleus pulposus herniations as a cause of sciatica, and it 
becomes clear that the entire group of sciatica cases requires urgent 
analysis, jjarticularly with reference to accurate means of differen- 
tiating cases of sciatic neuritis or primary sciatica from those of 
secondary sciatica. 

If it is true that, as some believe, primary sciatica or sciatic 
neuritis is rare, it becomes necessary to analyze the cases which 
arc regarded by neurologists as examples of this disease. Here one 
immediately eneoimtcrs a paradox, for what is regarded by the 
neurologist as sciatic neuritis is believed by the orthopedist to he 
pceondary to a distant irritative factor. With a larger view of tlu' 
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many secondary causes of sciatica, some of which liave been only 
recently revealed, it seems more consistent with the facts to state, 
not that sciatic neuritis is rare, but that secondary sciatica is mucli 
more common as a cause of sciatic pain, and that as compared with 
secondary causes, primary sciatica or sciatic neuritis is less common 
in the production of sciatic pain. This is somewhat different from 
the tendency to read sciatic neuritis out of the sciatica party. 
Because of these inconsistencies, we have reviewed our cases of 
sciatic neuritis in order to establish primarify the incidence of 
sciatic neuritis and to determine its recognition from other cases of 
sciatica. 

Analysis of Material. All 55 cases, available for study, were care- 
fully selected as authentic examples of sciatic neuritis. Cases of 
secondary sciatica were discarded. It was our desire to study the 
.symptomatology as well as to indicate differences between t!ie 
symptoms and course of primary and secondary sciatica. 

Sex. The majority of our cases were found in males. Of 55 cases, 
.37 (67%) were males and IS females. This coincides with the 
e.\'perience of others, but gives a somewhat higher incidence in males 
than do other series of sciatic neuritis. 

Occupaimi. Tlie incidence of sciatic neuritis in the more strenu- 
ous sex is borne out also by an analysis of the occupations of oiir 
55 cases. It has been pointed out by many others that sciatic 
neuritis and sciatica are more prone to occur in persons who are 
e.xposed to changes in weather, or who are engaged in strenuous 
occupations. All but 4 of the males in our series were engaged in 
heavy work. Listed among the occupations were laborers, miner-', 
street cleaners, shoemakers, machinist, engineer, roofer, cab driver, 
seaman, auto mechanic and so forth. In by far the greater number 
of cases the occupation involved exposime to changes in weatiier, 
and the use of braini. In 4 cases there was nothing in the occupa- 
tion of significance. Opposed to this array of brawny occupations 
stands the occurrence of sciatic neuritis in the women of our senes, 
most of them occurring in housewives. TJiree cases developed m 
nurses. 

Age. The age incidence varies from 16 to 72 years. The major- 
ity (41) of our cases occurred between the ages of 30 and 60 (7.3%). 

T^ble 1.— Age I^cmENCE or 55 C^ses or Scj\tic XrrniTH 


Age 

No of 

C3«e5 

10-20 . 

. . 1 

20-30 

7 

.30-10 

17 

.50-50 

14 

50-00 

10 

60-70 

•1 

70-S0 

2 


Sciatic neuritis therefore is a disease of middle and early old age, 
most of the cases occurring between 30 and 60 years of age, out i 
may develop before 30 and beyond 60 years. 
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Presenting Symptom. The presenting symptom in the majority 
of cases was pain referable to the hip or leg of one side. This pain 
often began in the hip and extended down the entire leg or only 
from the hip or back to the thigh. ’ The presenting sj’mptom was 
pain in the back. 

Back Pain. Back pain is not a common sj^mptom in sciatic 
neuritis. It was found in 17 of our 55 cases (about 30%). This 
is a low incidence if one were to take literally the assertion made 
by many authors that “sciatica” begins with an attack of lumbago 
which often persists late in the course of the illness. Its occurrence 
is of some value in differentiating between a primary sciatic neuritis 
and a secondary sciatica due to herniated nucleus pulposus, cauda 
equina tumor, structural deformity of the vertebrae, or one of the 
multifarious causes of the sciatic syndrome. While back pain occurs 
in one-third of the cases of sciatic neuritis it is more common in 
secondary sciatica. 

Leg Pain. In 3 cases the pain was bilateral : all the others were 
unilateral. These cases however serve to emphasize the fact that 
bilateral sciatic pain may be due to a true neuritis, and need not 
necessarily indicate a tumor of the spinal cord. The old dictum 
that bilateral sciatic pain is always the result of structural causes 
needs revision, and this has come to be recognized by other investi- 
gators. Undoubtedly the majority of cases of bilateral sciatic pain 
are due to what may be termed structural causes such as tumor, 
arachnoiditis, or metastatic carcinoma, but the fact that pain in 
both legs may also be found in unqualified cases of sciatic neuritis 
needs to be more clearly i*ecognized. 

The location of the leg pain varies widely. It may be felt along 
tlie entire course of the sciatic nerve or in only portions of it. 


Tablk 2.— Disthibution oi’ Li:o Pmn in 55 Cvsns or Sci\tic Nbubitbs 


Location 

Hill alone . 
Hip-thiph . 
Lcf»-anklc . 

EcK-tocs or heel 
llip-knoc . 
TluRli-calf . 
Knee-toes . 
Saero-iliae . 


No. of 

0 

10 

15 

M 

7 

o 

•> 


In the majority of the cases the pain extended from the thigh in 
the region of the hip to the ankle, toes or heel (29 cases). In some 
instances it extended from the hip to the thigh (10 cases), from the 
hip to the knee (7 cases), from the thigh to the calf (2 cases), or 
even from the knee to the toes (2 cases). In 5 cases the pain was in 
the saero-iliac region without radiation. 

The duration of the pain is of e.vtreme interest. Sciatic neuritis is 
regarded as an acute disease, yet the incidence of prolonged pain is 
astoundingly high. 
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T\blb 3 .— Dt;k\tiox of P^in is 55 C\ses of Scutic Necritis 


•p. ^ No of 

J-'^rotiori CT^cs 

1 ■neck ... . . .1 

3~4Bceks . . JO 

5- S “ . 13 

9-12 “ . 5 

3~ 6 tnotiflts . S 

7-10 *■ ;> 

10-12 “ 2 

1- 2 years . fi 

3- 5 “ 7 


Over lialf of the cases lasted from 1 to 12 weeks (29 cases),, most 
of these lasting 3 to 8 weeks. Only 1 case lasted 1 week, the 
majority of the others persisting from 3 to 12 weeks. Nine cases 
lasted 3 to 6 months, and 13 cases from 1 to 5 years. 

The cases lasting 3 to 12 weeks may be regarded as having a nor- 
mal life history for sciatic neuritis, and as conforming to tlie generally 
accepted ideas concerning the duration of tins illness. It is the 
instances of longer duration however which are of greatest interest, 
for it is when cases of sciatic neuritis stretch into periods of 6 months 
to 1 year or longer that doubt arises concerning the diagnosis. For 
this reason it is of paramount importance to know whether cases of 
sciatic neuritis may in fact last so long, and if so how they may he 
differentiated from cases of sciatic syndrome or secondary sciatica. 
A study of the cases which persisted for 1 year or more reveals the 
fact that in practically all these patients there were repeated attacks 
of sciatic neuritis. Tliis group of cases represents therefore patients 
who have had recurrent attacks of sciatic neuritis lasting from 1 to 
S years. Of our 55 cases of sciatic neuritis, 13 (23%) maj' he 
regarded as recurrent. The duration of each episode of neiiriti'' 
and the inteiA-als during which the patient was free of pain conH 
not be determined from the data at hand, the fact which seemed 
clearest lieing the tendency in these instances to recurrence of the 
attack of sciatic neuritis. The pattern of the attack as shown by 
the distribution of the pain and its nature varied often from one 
attack to another, but in some cases the distribution of the pain " a'' 
the same with each repeated episode. These long cases of sciatic 
neuritis are of more than passing interest for they fall into a group 
in which, by virtue of duration of disease alone, the possibility of a 
secondary cause for the neuritis becomes pertinent. In most in- 
stances, when a case of sciatica which is assumed to be a sciatic 
neuritis lasts 2 to 5 years and is featured by recurrence of the 
sciatic pain, some secondary cause may be justifiably sought. The 
fact remains however that true sciatic neuritis may persist for long 
periods and that it need not be due to intraspmnl or other caii'c^- 
This is especially pertinent at the present time when, by virtue of 
advanced neurosurgical technicpies, it is becoming a relatively com- 
mon procedure to perform laminectomic.s on snoli ca«cs._ The pouU 
at issue is that mere longevity of ssmiptoms is no indication of « 
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secondary cause of the sciatica unless other findings such as Roent- 
gen-ray changes in the vertebra and increased spinal fluid protein 
are present. 

Little of clinical \’alue is to be learned from the nature of the pain 
in the leg. It maj^ be constant or intermittent. As a rule, for each 
particular attack it is constant, but it may be intermittent, with 
free inter\'als of pain for long periods or for veiy short periods. The 
pain is felt in the whole leg or in part of it and is not, as a rule, of a 
lancinating character. It is variously described as a dull ache or a 
sharp pain of various sorts, but little can be learned from the type 
of pain. Much more is to be learned from its distribution. 

Movements of most sorts appear to increase the pain. It is almost 
in\^ariably aggravated by walking, but frequently sitting, standing, 
or bending increases it. In .some cases it is made worse by cough- 
ing, sneezing, or straining, all of which are frequently referred to 
as indicating evidence of a root lesion. In a few cases the pain is 
relieved by standing and aggravated by lying down. In general 
it seems clear that all movements which stretch the sciatic ner\'c, 
or which tend to stretch the muscles which are in spasm will produce 
an increase of the sciatic pain. 

Parcsihcmis. Despite the fact that paresthesias are regarded as 
part of neuritis symptomatology, it is surprising to find how few 
of our cases complained of them. Only 7 of the 55 cases had 
paresthesias, variously referred to the back of the leg or thigh and 
sometimes in the foot. 

Incontinence. In no case was there incontinence of the bladder 
or rectum, as was to be e.xpected in cases of purelj^ peripheral neuritis. 

Nerve Tenderness. Ner\-e tenderness was found in 46 of 55 cases. 
The tenderness of the ner\-e was not always found along the entire 
length of the sciatic nerve. It was usually found everywhere along 
the sciatic trunk; in some cases only in the sciatic notch. Further- 
more, muscle tenderness did not parallel nerve tenderness. The 
latter was almost always more pronounced than the tenderness of 
the muscles and was nowhere nearly as constant. It was a common 
cxjieriencc to find nerve tenderness with little or no muscle tender- 
ness. The stage of the sciatic neuritis must, of course, be considered 
in evaluating this feature, for it is quite possible that cases which 
had persisted for some time may have lost much of their muscle or 
nerve tenderness by the time they entered the hos])ital. 

La.’icgm’s Sign. This, the sign of straight leg raising by which 
the sciatic nerve is stretched, was absent in only 7 or our cases. 
It is almost constant and is a sign of great importance, though it is 
by no means pathognomonic of sciatic neuritis. It is found as well 
in cases of sciatic svndrome due to manv other causes. 

In a few cases tenderness was found along the lumbar spinous 
processes, but the number of instances was not great enough to have 
any significance. 

Pellc.r. Changc.s. The Achilles reflex was decreased or absent on 
the side of the neuritis in 60 cases. In the other 19 cases it was 
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normal. The patellar reflex was never abnormal and no pathologic 
reflexes were found at any time. 

Muscle tceakness was found in none of our cases. It was surpris- 
ing to find moreover that even in the long-standing recurrent cases 
no muscle atrophy was visible. In none of our cases was the muscle 
weakness ever of a greater degree than could be accounted for by 
protection against leg pain. This held true even in cases of long 
duration and it may be a point of value in differentiating cases of 
sciatic neuritis from those of secondary sciatica. While muscle 
weakness is by no means constant in the latter, its mere occurrence 
would tend to favor secondary sciatica, judged by its absence in 
our group of cases of sciatic neuritis. 

Sensory Changes. These also were strikingly absent in almost all 
the cases e.xcept for a feiv with slightly decreased pain sensations 
over the lateral aspect of the thigh or leg. Sensory changes like 
muscle weakness and wasting were strikingly absent in the great 
majority of cases no matter what the duration of the disease. 

Analysis of Causes. The analysis of causes of our cases of sciatic 
neuritis is, of course, difficult. Preeminent among the causes whicli 
stand out are those related to foci of infection. Diseased tonsils 
were found in 2S cases. This does not mean, of course, that tonsillar 
disease was responsible for the sciatic neuritis in all these instances. 
In only 8 cases could it be demonstrated that removal of the tonsils 
resulted in relief and cure of the neuritis. In 20 cases carious teeth 
were found, but in only 6 instances was pain relieved after their 
removal. Acute or chronic sinus disease was found in 12 case.s; 


jirostatitis was present in 8 cases. 

The relation of these foci of infection to the neuritis is difficult to 
evaluate. It is impossible to say absolutely that the removal of the 
infected foci resulted in the cure of the sciatic neuriti.s. 'i ct the 
conclusion is inescapable that in the cases relieved liy removal of 
tonsils or teeth the recovery was quick in most cases following their 


removal and in some instances dramatic. 

The incidence of other factors was not as high as that of foci of 
infection. In 17 cases osteoarthritis of the sacro-iliac joints or of 
the lumbar vertebrae was found. Whether the arthritis was .siifh' 
cient to cause the sciatic pain is at least open to discussion. In only 
2 cases was sacralization noted, and in only 2 was osteoarthritis of 


the hip discovered. _ . . 

Diagnosis. The diagnosis of sciatic neuritis and its diffemntiatmn 
from secondary sciatica is not difficult. The cases of sciatic neurits 
are characterized invariably by tenderness of the nerve trunks ano 
usually also by tenderness of the muscles of the thigh aiifl ca! • 
Nerve trunk tenderness particularly in the sciatic notch and poplitca 
spaces was present in some degree in every case in our series; muscle 
tenderness was found in only 8 instances. The degree of ncr^e 
tenderness varies greatly, in some cases being pronouncerl. the of licr^ 
less severe; but it is always present. Severe nerve tenderness vui- 
found in 22 cases, moderate in 2-1, and mild nerve ten(lcrnc>s m 
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9 cases. No such tenderness is found along the nerve trunks in 
secondary sciatic in the majority of cases. It is well known that 
compression of the sciatic nerve or of any peripheral nerve at a 
single point may produce tenderness along the nerve trunk at a 
distance from the point of compression. This is unusual, though it 
serves to prove that nerve trunk tenderness cannot be invariably 
interpreted as indicating a primary neuritis. The percentage inci- 
dence of such tenderness in cases of secondary sciatica has not been 
determined in view of its many causes, but its occasional incidence 
in the secondary form, as compared with its invariable occurrence 
in primary sciatica, serves but to demonstrate that nerve and muscle 
tenderness are typical features of the one and an exceptional char- 
acteristic of the other; 

All other diagnostic criteria of sciatic ner\'e in\^olveraent— weak- 
ness or atrophy of the leg muscles, decrease or absence of the 
Achilles reflex, pain on stretching the sciatic nerve, sensory disturb- 
ances and so forth— are as characteristic of one form of sciatica as 
tlie other and cannot be used in the differentiation of sciatic neuritis 
from secondary sciatica. Special signs such as the Lasegue’s, Neri’s 
and others, all of which depend on the stretching of the sciatic nerve, 
are also characteristic of both groups, as would be expected . Labora- 
tory studies are of relatively little value except that e\'idence of 
structural disturbances in the vertebrae, pelvis, spinal canal, or 
muscles indicates a secondary rather than a primary sciatica. 
Spinal fluid abnormalities such as xanthochromia and increased 
protein content are characteristic of spinal cord tumor or herniated 
nucleus pulposus, but increased protein in tiie spinal fluid may be 
found in the special forms of neuritis such as the Guillain-Barre 
syndrome. 

In the last analysis the diagnosis of sciatic neuritis as distinct 
from that of secondary sciatica depends upon the presence of ten- 
derness over the sciatic ner^'e with or without tenderness of the 
thigh and leg muscles. In all other physical respects, exclusive of 
laboratory findings, cases of sciatic neuritis and secondary sciatica 
arc similar. 

Discussion. The problem of sciatica is so greatly confused that 
a review of the more pertinent points under discussion appears to 
be desirable. Not only is there wide disagreement concerning the 
cause of the various forms of sciatica, but there is as great divergence 
concerning their treatment. 

Clmsificaiion. There seems to be general agreement that not all 
sciaticas can be thrown into a single grouping. This at least is a 
step in the right direction, for it emphasises immediately the multi- 
plicity of causes of the .sciatic syndrome. Many groupings have 
been suggested, the simplest and probably most satisfactory being 
that of Feiling,® who divided the sciaticas into: 1, primary or essen- 
tial sciatica; and 2, secondary or symptomatic sciatica. The cases 
of secondary sciatica are clear enough; they include all the cases of 
sciatic pain which can be shown to be secondary to a specific struc- 
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tural cause of some sort. In the primary group liowever Feiling 
includes not only cases of sciatic neuritis n-liich are regarded as 
cases of true neuritis, but also a large group of cases which he calls 
sciatic neuralgia, the cause of which is unknown or cannot be deter- 
mined. These cases have been referred to by others as idiopathic 
seiatica.^ The inference that a primary sciatica is an idiopathic 
sciatica is reflected further by the views of Douthwaite," who divides 
the sciaticas into primary and secondary, further subdividing the 
primary group into tliose of peripheral and tliose of central origin. 
He states moreover that no subgroup may be termed primary in 
the presence of a clearly determinate or specific cause. Here the 
inference is clear that primary sciatica is sciatica of undetermined 
origin, the vast majority of which in the opinion of Douthwaite are 
cases of sciatic neuritis. Chavanj-^ divides the sciaticas into true, 
symptomatic sciatica and pseudosciatica. Tlie further subdivision 
of the sciaticas into high, middle and low types (Sicard-^ has some 
clinical usefulness. Harris*- refers only to high and low types. 
High sciaticas are due to lesions of the roots or lumbosacral plexus. 
IMiddle sciaticas are the result of lesions of the plexus or of the nerve 
trunks from the sacrosciatic notch to their entry into tlie thigh. 
Low sciaticas are due to involvement of the nerve in the popliteal 


space. 

A classification into primary and secondary sciatica serves all 
practical purposes, is accurate and at the same time emphasizes the 
fact that sciatica is I'ariously produced by many causes. The infer- 
ence that all or some of the primary sciaticas are idiopathic in origin 
needs further study and will be dealt with under a discussion of the 
causes of this sradrome. 

Causes of tidal ica. There arc many causes of sciatica. No useful 
purpose can be served by an enumeration Imre of the many condi- 
tions which may gi\'e rise to the .syndrome. It is important however 
to emphasize the multiplicity of causes of sciatica in order to pre- 
vent uniformity in the treatment of a condition which is varioii.dy 


produced. 

In the evaluation of the sciatic problem it becomes clear that the 
eases of sciatic neuritis must be considered quite apart from tlio.-e 
of other origin. The fact that no cause can lie estalilished for sucii 
cases should occasion no greater surprise than for other ca.^es of 
neuritis, and certainly docs not justify their classification as idio- 
jmtliic. To say that most eases of seiatica are secondary to disease' 
of the pelvis, vertebra?, or other organs, is not to ileny the c.xistcnce 
of sciatic neuritis. Evans,® for example, rcjmrts 40 ca.'^es of ^yhat 
he terms primary or idiojKitin'e sciatica. In many cases of sciaPi 
neuritis the precise cause is not disclosed, yet the neuritis cannot I» 
denied. The exquisite muscle and nerve tendernc.'S seen in thc.'i 
cases stamps them as instances of primary neuritis frequeutK o 
undetermined origin. In Feiling’s clear discussion of the sciafi'.' 
problem, sciatic neuritis is regarded as a true neuritis tiie caus?^ o 
which are uncertain. He discards foci of infection as a vital c:iu-< 
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and says, “ I doubt if I can recall a single example out of the many 
cases of sciatica I have seen when the finding of a septic focus, 
followed by its appropriate treatment, seems to have affected to 
any appreciable extent the course of the disease.” Our cases do not 
bear out this belief. In some of them the remo\'al of infected teeth 
or tonsils appears to have imj^roved the sciatic neuritis greatly, 
Init in many others no such causal relationship could be established. 
Oespite this failure to establish a precise cause in many of the cases 
of sciatic neuritis, they must nevertheless be regarded as true or 
primary neuritis, with all the features of a neuritis elewhere in the 
body. Careful inquiry into bacteriatoxic, metabolic chemical, virus, 
or nutritional causes may reveal no definite cause for the neuritis, 
but the same is true of other forms of neuritis as well. Despite all 
efforts to establish it, there is often no indication of the exact cause 
of a neuritis involving other parts of the bodju For many cases, 
such a cause can be determined, but for many others it is not clear. 
Yet no recourse is taken to the term idiopathic neuritis and there 
seems no real justification for the term in relation to sciatic neuritis. 
In some instances, as Lichtmail^® has pointed out, sciatic neuritis 
may be the precursor of hepatic insufficiency, and may be an early 
manifestation of a disease process which may lead to hepatic disease 
and hepatic insufficiency. 

It is precisely this ignorance of the origin of sciatic neuritis which 
has led many to assume that such cases are few in number and that 
those which do exist are often of a secondary type. Hence the 
inference by Danforth and Wilson,® that what is regarded by neurol- 
ogists as sciatic neuritis is in reality secondary to disease of the 
lower lumbar spine or sacro-iliac joints, the neuritis being regarded 
as a secondary manifestation. Hence also tlie increasing emphasis 
on the secondary causes of sciatica, all of which represents, of course, 
a healthy outlook, but adds nothing to our knowledge of primary 
sciatic neuritis. It tends rather to tip the balance in favor of look- 
ing for secondary causes when they are not present, e\'en to the 
performance of operative procedures. Thus, Williams"® reports 
changes in the bones of joints in 94% of 107 cases of sciatica. 
MacKinnon"® asserts that all the features of idiopathic sciatica are 
due to an infectious lumbosacral arthritis. Involvement of the 
fifth lumbar root in its foramen by infection or arthritis is regarded 
by Danforth and Wilson,® Cochrane,'* Furnrohr*® and Putti®® as an 
important cause of sciatica, Buckley® found a predominance of 
affections of the lumbar and sacral articulations as causes of sciatic 
pain among 108 cases of sciatica. More recently attention has 
been directed to herniation of the nucleus pulposus in cases of 
sciatica.*®’'® 

In sjiite of the frequent affirmation that sciatica is the result of 
many causes, there seems to be a persisting tendency to e.xplain 
tlifferent sciatic .syndromes by the same cause. For this reason one 
finds that sciatic neuritis is either denied a place of its own or i> 
regarded as due to some secondary cause such as osteoarthritis of 
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the spine. It is this fallacy which must be averted in a considera- 
tion of sciatica cases. 

Pathogenesis of Sciatic Pain. The origin of the sciatic pain \-aries, 
of course with its cause; but here too the assumption is frequently 
made that most if not aU cases of sciatica can be explained by a 
single pathogenetic mechanism. Some believe that sciatica is re- 
lated to various forms of neuritic disease.-’^ That it is in some 
instances a true neuritis cannot be denied, though plausible explana- 
tion may be found to the nerve tenderness and pain. Harris believes 
that the neuritis in such cases is a perineuritis of the sciatic sheath 
in the region of the sciatic notch where the nerve escapes from the 
pelvis into the buttock. 

The concept of a neuritis satisfies relatively few cases however, 
and obviouslj' can applj"- only to the small group of primary sciaticas. 
Hence, other explanations for the sciatic pain ha^'e been sought. 
It is clear that no difficulty is offered by cases of sciatic pain with an 
obvious structural deformity such as a spinal cord tumor, herniated 
nucleus pulposus with compression of the lumbosacral roots, pelvic 
tumor with compression of the lunibosacral ple.xus, Pott’s disease, 
or other lesions too numerous to mention, with obvious reasons for 
the sciatic pain. The difficulty lies in e.xplaining the cause of the 
pain in many cases which have been erroneously regarded as neuritis 
or have been carelessly regarded as the result of sacro-iiiac strain 
or arthritis or lumbar arthritis, when no evidence for such a back- 
ground has been demonstrable. For such cases Danforth and Wilson 
after a careful study of cadavers have offered the explanation that 
the sciatic pain is due to an inflammatory process of arthritic or 
traumatic origin causing irritation of the fourth and fifth hnnl)ar 
roots. Their studies re\'ealed that the inter\’ertcbral foramina of 
the lumbar roots ^■ary in size and that the largest lumbar root, the 
fifth, is enclosed in the smallest canal and therefore easily suscc))- 
tible to compression by encroachment. Their clinical stiidie-s sui_>- 
port their ideas, but it may be objected that the pain of sciatica h 
frequently outside the nerve distribution of the fifth lumbar r(»ot 
and that it is frequently not a root pain. The concept has received 
wide support especially from orthopedists.’^-^ 

That this idea does not satisfy all the conditions found in ail the 
cases of this group is shown by the contention of Ober,” who niaiii- 
tains that many cases of so-called sacro-iiiac strain with low back 
pain and sometimes with sciatic pain are the residt of a tight ilio- 
tibial band. Severe sciatica, according to Ober, is often associa(e<l 
with the condition. . A concept somewhat allied to this is that of 
Nutter,-’ who believes that sciatica is sometimes due to iiiiusiia 
fascial bands or fascial thickening around the sciatic nerve in the 
neighborhoods of the sciatic notch. He points out two area-’ o 
thickening of the fascia: 1, at the upper border of the piriformi^ 
where this muscle is contiguous with the lower edge.s of the giutcu' 
medius and minimus, and, 2, at the lower bonier of 
immediately lateral to the great sciatic nerve. Niittcr=’ believe- tlia 
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when the intervals between the muscles are greater than normal, 
fascial bands may focus. Of 10 cases, 4 were cured by exploration, 
but none of these showed evidence of fascial bands. 

The conception of Bruce, ^ that sciatica is due to an affection of 
the hip joint, has found little support, though Bruce found 48% 
of 676 cases of sciatica with evidence of rheumatism or gout. His 
theory is based on his observations that wasting of the hip muscles 
is very decided in nearly all cases of sciatica, and on the further 
observation that there is tenderness on pressure over the capsule 
of the hip joint. Similarly, an attempt to explain the obscure 
cases of sciatica by invoking sacro-iliac disease has not succeeded 
in the absence of evidence of such disease, though Hertzler^^ claims 
that sciatica is due to a synovitis of the sacro-iliac joint and that the 
•sciatica is due to an irritation of the nerve by the joint inflammation. 

A purely muscular origin of the pain in sciatica is offered by 
Helweg,^^ who found in the majority of 750 cases changes in the 
muscles of the gluteal region and the back of the leg. All these 
cases showed nerve tenderness and positive leg-raising signs; whereas 
cases with pain in the leg without these signs failed to show the 
muscle changes which Helweg emphasized. He therefore placed in 
a special group the cases with pain in the leg, muscle changes, and 
positive leg-raising and nerve tenderness signs. He regarded the 
firmer consistency of the muscles of the gluteal and thigh regions in 
these cases as due to a myopathy, characterized by an increased 
firmness of the muscles to palpation. This myopathy he regards 
as the result of an “intense and long-continued use of just those 
muscles or parts of muscles which the palpation examination show 
to be the seat of the myopathy.” Helweg believes that in cases 
which develop sciatica and therefore myopathy, unusual demands 
are made on the muscles in question. Even in cases of sciatica 
due to bone disease he maintains that the muscle disturbance is tJie 
})rimary cause of the pain. The disturbance in the Achilles reflex is 
due to the accumulation of fatigue substances. Janssen'^ objects 
tliat the theory does not explain the tenderness of the ner\'e trunk, 
and that the muscles have never been examined directly. 

Opposed to this view is that of Lindstedt,^^ that sciatica in the 
majority of cases is a pure neuralgia without anatomic findings in 
the nerve, and that it arises from irritating conditions in the periph- 
ery of the nerve which cause pain radiating into the whole of the 
sciatic area. 

Summary. The concept that primary sciatic neuritis is rare is not 
supported by the evidence. We report 55 such hospitalized cases, 
all of which were severe. It is quite probable that many more cases 
of sciatic neuritis are seen in general practice, which recover with- 
out hospitalization. It is important that this fact be borne in mind 
in \-iew of the present-day tendency to regard most cases of sciatic 
pain as being of secondary origin. While cases of secondary sciatica 
very probably oiitnumber the primary cases, our ex})erience leads us 
to the conclusion that true sciatic neuritis is not a rarity. Tliere 
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appears to be no justification mo^eo^■er for the concept of an idio- 
pathic sciatica any more than for other forms of neuritis. TJie 
causes of sciatic neuritis are those of neuritis in general and those 
cases for whicli no cause is found should not be regarded as idiopathic. 
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A NEW TEST OF LIVER FUNCTION— THE TYROSINE 
TOLERANCE TEST 

By F. W. Beunhart, Ph.I). 

HEM) lir ••ECTIllN OF I1U>CI1KM!''TUY, RE'-^:^RelI DIVI-IllN 


H. W. StTINLlUF.R, i\r.l). 

IN' MEDlCINf:, Cr.EVKr,\N't) Cr.rVJC 
CIX\EI^VND. OHI<» 

Abnoilmalities in the metabolism of tyrosine in tiic jircsencc of 
liver disease have long been recognized, but of the many liver fiinf • 
tion tests employed clinically none has been designed to test the 
ability of the liver to metaiiolize this important amino acid. II"' 
lack is principally due to the fact that, up to the pre.^^ent time, no 
reliable quantitative metiiod for the determination of iilooil tyro'ifi' 
has been described. The purposes of the present comnninieatioii 
are chieflv to describe a quantitative method of blood t\Tn-iia 
determination, to present a curve of tyrosine tolerance in norma 
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subjects, and to demonstrate changes occurring in certain types of 
liver disease. Correlation of its sensiti^'ity, as compared to other 
tests of li^^e^ function, has been made whene^'er possible. 

Impairment in amino acid metabolism in hepatic disease was 
probably suggested first by Frerichs,^ who noted the presence of 
tyrosine and leucine crystals in the urine in cases of acute yellow 
atrophy. Lichtman,® using a quantitative analysis for tyrosine in 
urine, further observed an increased tyrosinuria in ^'arious types of 
liver disease. Jankelson,^-^ who employed a qualitative method of 
tyrosine analysis, was unable to demonstrate the presence of tyro- 
sine in normal blood but found various levels of tyrosinemia in a 
high percentage of patients with liver disease. 

These observations of tyrosine metabolism suggest that a tyrosine 
tolerance test may be of value in the diagnosis of liver disease. 

Methods. Determination of Blood Tyrosyl. A modification of the Millon 
reaction, using the pliotoelectric colorimeter, was found suitable for blood 
tyrosyl. The Millon reaction is not specific for tyrosine but is sjjecific for 
the characteristic phenol group of tj-^rosine. The tenn “tyrosyl” refers to 
the tyrosine and closely related metabolic products which give the test. 
Spectrophotometric analysis shows that the color produced in blood filtrates 
is the same as the color produced in pure tyrosine solutions, indicating that 
metabolic changes in the side chain of t 5 T 0 sine have little, if any, effect 
upon the color produced by the reaction. A photoelectric colorimeter is 
necessary because the color produced bj' the normal concentration of blood 
tyrosjd is not intense enough to be easilj’’ compared in the visual colorimeter. 
The IClett-Suimnerson photoelectric colorimeter was found satisfactory. 

Six cc. of blood was drawn and added to dry oxalate (0.15 mg. per cc. of 
blood). The required amount of filtrate was obtained from 5 cc. of blood. 
A 1 to 5 blood filtrate was prepared by adding 2 volumes of water, 1 A'olume 
of 10% sodium tungstate and 1 volume IN HsSO, to 1 volume of the oxal- 
ated blood, then shaking vigorously and centrifuging. To 7 cc. of the clear 
centrifugate contained in a centrifuge tube were added 0.5 cc. 7N HjS 04 , 
1.5 cc. 15% HgSO^ in 6N HjSOj and 1 cc. of O.lN H:S 04 .* To the stand- 
ard containing 7 cc. of the same filtrate, 0.5 cc. 7N H:S 04 and 1.5 cc. of 
the mercury reagent were added 1 cc. of tyrosine solution (0.05 mg. in 1 cc. 
of O.lN H;S04). The tubes were heated S minutes in a boiling water bath, 
then cooled below room temperature in running water. After adjusting the 
volume to 10 cc. with water the tubes were centrifugalized and 8 cc. of the 
clear liquid placed in the colorimeter cell. The blank reading was deter- 
mined, 0.05 cc. of 5% sodivnn nitrite solution added, and the mixture 
shaken. The color produced Avas read after 4 minutes, using a filter with 
maximum transmission at 500 m^. Uj) to 0.6 mg. of tyrosine added to 
each cubic centimeter of blood Avas quantitatiA-ely recOA-ered b}' this method, 
lliqdicate determinations agreed Avithin 3%. 

The standard tyrosine solution did not deteriorate for at least G months 
Avhon kept refrigerated. 

Calculations. The folloAA'ing calculation.*: are for the Klett-Summerson 
colorimeter. With other instruments the calculation, although the same in 
principle, aaIU A-arj* in detail. Three readings Averc taken: (1) Blank read- 
ing of unknown. This reading may be assumetl to be the same for the 
known. (2) UnknoAvn reading. (3) IvnoAAai reading. 

The blank reading (1) is subtracted from (2) and (3), giAung the true 
color value in the 2 tubes. 


* For dot.Tilcd dircciions for the prep.'iration of (he re.Tfrent.^ fee Folin, O.. and 
Munniri. A. D.: ,1. Riol. Clieni., 83. 89. 1939. 
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True known reading— true unknown reading = k, the color produced hv 
(3-1) (2-1) 

the known added amount of tjTosine. 

True unknonm reading 100 

K ^ O ^ ~ equivalent in 100 cc. 

of blood. 

Tyrosine Tolerance Test. Four grams of tjTosine,* 5 gm. of casein and 
4 to 5 drops of 1 % phenolphthalein solution were placed in 250 cc. of water 
in a 1 liter Erlenmeyer flask. 'RTiile the flask was heating over a Bunsen 
burner, 5_N NaOH was added drop b}' drop and the flask shaken until 
the tjTosine and casein were in solution and the phenolphthalein color 
persisted. An e.vcess of NaOH should be avoided. The addition of casein 
increases the solubility of the tjTosine. 

Thvo drops of oil of peppermint added to the mi.\'ture help to disguise the 
alkaline taste. The flavored solution was welt tolerated, even by c.vtreniely 
.sick indi^dduals. 

The tests were made after an overnight fast, water being allowed until 
midnight. After witlidrawal of a sample of blood the tjTOsine solution w.as 
administered oralb'. Blood samples were taken 1, 2 and 3 hours after 
ingestion of the tj-rosine .solution. 

Other liver Function Tests, (a) The sodium henzontr coinrrsimi 
iesi described by Quick*' was made by administering b gm. of sodium 
benzoate. Excretion in the urine of less than 3 gm. of liipjiiiric acid 
in 4 hours is regarded as evidence of Jiepatic dysfunction. 

(b) The Takata-Ara test was made and interpreted according to 
tlie directions of Heath.- 

(c) Prolhromhiii Time, The Quick method' was used, and the 
clotting time obtained was compared witli the clotting time of a 
sample of normal blood which was treated in the same manner. 

(rf) The bromsulfakin excretion test was made by injecting 5 ing. 
of the dj"e per kilo of body weight. When this dosage i.s used the 
normal retention after I hour is considered to be from 0 to Kl/r- 

(c) The galactose tolerance test was made by administering -lb gm- 
of galactose. E.xcretion in the urine during a 4-hour periofl of over 
3 gm. of galactose is regarded as evidence of hepatic dy.sfnnetion. 

Results. Normal Fasting Leech The concentration of tyrosyl in 
the normal fasting subject is equivalent to 1 to 1.8 mg. of tyrosine 
per 100 cc. of blood. This result is in contrast with the ob.servations 
of Jankelson"'^ who found no tyrosyl value in the blood of normal 
fasting individuals, and this difference in results serves to emjdia- 
sizc the increased sensitivity of the jmesent quantitative method. 

Ttjrosinc Tolerance in Normal Subjects. .Administration of 4 gm- 
of tyro.sinc to 10 presumably normal .subjects yielded the data shown 
in Table I. 


Tabi-k 1.—Tviio5IN'k Toixuanck in Xobmab Srujr.cr.M 

Blood tyropyl ronrfnlration frnf!./K>0 tc.) 


Sampit' 

{hf'*. irip^*«tion of ttro’-in#*) 

Minimum 

Mn-ximtiTn 

Avftac''* 

FastinK 

..10 

1 s 

1 4 

1 hr 

-1 0 

0 -J 

it 

2 hrs 

. .30 

r, n 

•( 0 

a hrs 

. . 2 n 

4 0 

.'5 *1 


* OWaine<l frnm the M. A. Vori'orzttirin, Cliarrin Unils. Ohio 
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Tyrosine Tolerance in Liver Disease. After a curve of tolerance 
to ingested tyrosine in normal subjects was obtained, an attempt 
was made to apply the test clinically to patients with obvious liver 
disease and others with suspected liver disease. In some instances 
of severe hepatic insufficiency, especially advanced cirrhosis, the 
fasting blood tyrosyl level was significantly elevated beyond the 
upper normal limit of 1.8 mg. per 100 cc. of whole blood. In 
1 instance a fasting level of 4.9 mg. was obtained. In every in- 
stance of cirrhosis of the liver thus far studied, the tolerance to 
orally ingested tyrosine was diminished. In some patients levels 
as high as 15 mg. were found 1 hour after consumption; furthermore, 
the hjrpertyrosinemia persisted at levels as high as 8 to 11 mg. for 
as long as hours after ingestion of the substance. This indicates 
not only an impairment in the ability of the liver to metabolize 
ingested tjTosine, but shows that the resulting tjTosinemia persists 
for long periods of time and often remains a permanent part of the 
abnormal body chemistry comparable to the hj’-perglycemia of 
untreated diabetes mellitus. 



Fig. 1. — Tyrosine tolerance curves in cases of cirrhosis of the liver. 


Case Reports. Case 1. A white woman, aged 44, examined on Xovem- 
ber 19, 1941, complained of swelling of the abdomen of .5 months’ duration. 
She had been almost constantly inebriated for 3 yeai^ following the death 
of her husband. In July, 1941, she noted onset of mild ictenis and gradu- 
ally increasing ascites. Repeated paracenteses were perfonned before 
admission. Anorexia, weakness and chronic dyspep.^ia had been noted. 

Physical examination revealed a pallid, sickly-looking woman with a 
sallow skin. The abdomen was markedly protuberant: a fluid wave and 
shifting dullne.ss were itrcsent. Six thousatid cc. of straw-colored fluid was 
removed by abdominal })aracentesis. 

Her blood count revealed 4.090.000 red blood cells per c.mm.. .">.5''; 
hemoglobin per 100 cc, (S..o gm. by Haden-Hauscr) and a volume index of 
1.14. Tot.al blood proteins were 5.2''< . A brom«ulf.aloin test of liver func- 
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tion revealed 44% retention of dye in 30 minutes. A Takata-Ara last on 
ascitic fluid revealed a positive reaction. 

A tjTosine tolerance test revealed marked impairment in function 

(Fig- 1)- 

Case 2. A white man, aged 55, first e.\'ammed on November 15, 1941, 
complained of vomiting of blood, diarrhea, a loss of 20 pounds in weisht, 
and abdominal swelling. He had been consuming large quantities of aW 
hoi for 8 years. Two months before admission he e.xperienced painles.-: 
hematemesis and melena. For 4 weeks he had noted swelling of the abdo- 
men._ Hematemesis and melena had recurred repeatedly and he wa*; 
admitted in a semi-stuporous condition. 

Phj-sical examination revealed slight ictenis of the skin and conjunctiv.'c. 
The abdomen was tense with shifting dullness and a palpable fluid wave. 

The blood count on admission was 2,400,000 red blood cells per c.mm. 
with 29% of hemoglobin (4.5 gm. Haden-Hauser) per 100 cc. The blood 
Takata-Ara test was positive. Total blood proteins measured 5.7Ci. 

The prothrombin time was 34 seconds, as compared to a nomwl of IG sec- 
onds. The patient improved following three blood transfusions and symi>- 
tomatic care. The tj-rosine tolerance curves obtained is shown in Figure 1. 

In the same figure are shown 6 other cases of advanced cirrliosi.s 
of tlie liver. In 6 of these S cases, a history of e.x:cessive use of alco- 
hol was obtained. In 1 case (Case 7) dinitrophenol had been taken 
to reduce weight S years previousl}% Hepatomegaly was prc.scnt 
in all cases, ascites in 5 and jaundice in 3. The Takata-Ara test 
was positive in 2 of 3 cases tested. The prothrombin time was 
delayed in the 4 cases tested, and the oral hippiiric acid test wa.s 
negative in the 1 case receiving this test (Case 3). One individual 
(Case o) died 2 days after the test was given. Delayed absorption 
of the ingested txTosine seems possible since the character of the 
response in this instance differed from all the others. This patient 
presented intense jaundice with an icterus inde.x of 120. 

Table 2 compares the results obtained with the t\Tosine tolerance 
test and the percentage of bromsulfalein retention after 1 hour. 
The icterus indices are included in each case. 


Table 2.— CoMr.vniPOX or tub PEBcr.N'rvoE or BnoMssri.r.M.Ei.v Retkstiov 
THE End or 30 Mi>.'UTr,‘i With the Pehcestage Is-cnEk-.E or Blood 
Tvhosixe the Miximl'.m Xohmal yKEUE^ .VfTEn Ixor.sTios- 
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20 
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30 
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70 
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10 

,'.n 
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20 
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Xon-cirrhof/c lirpaiir Dixcnxr. 'Hie f\TO.>ine tolerance 
obtained in S patient.^ with a variety of other abnormahtie.- of the 
liver or biliarj* tract but without clinical evidence of eirrho.d- are 
shown in Figure 2. 
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The first patient (Case 9) had diabetes and a rather marked 
deficiency state, chiefly in the vitamin B complex. A bromsulfalein 
test revealed 14% retention of dye. The second patient (Case 10) 
also had deficiency disease and in addition had rather marked 
rheumatoid arthritis. A bromsulfalein test in this individual re- 
vealed 20% impairment of function. Patients indicated in Curves 
n, 13 and 14 had chronic cholecystitis and stones. Two of the 



Flo. 2.— Tyrosine tolerance curves in cases of non-cirrhotic hepatic disease. 



Fig. 3. — Tyrosine tolerance curves in cases on non-hcpatic dise.asc 


3 tested had normal values by the oral hippuric acid test. One 
patient (Case 12), at operation, had a carcinoma of the common bile 
duct and a normal preoperative galactose tolerance test. Case l.o 
had acute cholecystitis and normal hippuric acid te.sts on 2 occa- 
sions. At operation, the liver appeared normal. The remaining 
patient (Case 16) had hepatocellular jaundice with icterus index 
of SO. The galactose tolerance was within normal limits, and the 
hippuric acid test revealed oS% of normal function. 
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Non-hcpafic Disease. Studies were conducted in a group of 
patients with a variety of clinical conditions, special emphasis being 
placed on individuals in whom there was no history nor clinical 
evidence of liver disease. Three patients (Cases 19, 20 and 24) 
had chronic gout. One individual (Case 17) had periarthritis and a 
past history of catarrhal cholangitis. One patient (Case 21) had 
intermittent claudication and the remaining 2 (Cases IS and 2:i) 
had simple obesity and mild diabetes. There was no evidence of 
impaired tyrosine tolerance in 6 of the S cases studied. The results 
obtained in Cases 23 and 24 suggest that slight elevations over the 
normal range of tyrosine tolerance often may occur in non-hcpatic 
disease. 

Summary and Conclusions. 1. A reliable method for the quanti- 
tative determination of blood tyrosyl had been described, and a 
normal curve of tjTosine tolerance has been presented, as bascfl on 
the results obtained in 10 normal subjects. 

2. Eight patients with advanced cirrhosis revealed abnormal 
curves. Other patients with less well-defined liver disease also 
demonstrated abnormal tyrosine tolerance curves. 

3. The results obtained from the test thus far indicate that it is 
more sensitive than the bromsulfalcin and other common tc.sts of 
liver function. It appears to be reliable, economical, safe and well 
tolerated. Its sensitivity, as compared to other liver function tc.st.s, 
needs further study, and a final opinion in this regard cannot ho 
made at present. The results show definitely that severe liver 
disease interferes with the metabolism of tyrosine. 

4. Besides yielding information on tyrosine tolerance in liver 
rlisease, the present rcsxdts suggest that valuable information may 
be obtained by the determination of the fasting blood tyrosyl level 
in patients with suspected lix-er disease. Perhaps a simplified le-t 
in which only the fasting value and the blood tyrosyl concentration 
1 hour after ingestion of tyrosine are determined would give suffi- 
cient information from which to draw valuable conclusions concern- 
ing functional impairment of the liver. 

o. Tyrosine and closely related metabolic products are normal 
constituents of blood. Their concentrations in the fa.sting state 


are equivalent to 1 to l.S mg. of tyrosine per 100 cc. of blood. 

0. Ingestion of tyrosine by normal subjects catises a ])rom{)t ri-c 
in blood tyrosyl. which reaches a ma.ximum at the end of about 
1 hour; following this there is a gradual fall toward the fa.«ting level. 

7. Blood tcTosyl levels may be elevated in the fa.stiiig .state ni 
patients with certain liver diseases, particularly cirrhosi-. 

8. The ingestion of tyrosine by patients with cirrhosis of the liter 
frequently results in markedly elevated Ixlood tyrosyl levels. 

9. The present results suggest that the tolerance to tyro-ine mat 
prove valuable as a test of the metaboHsm of tyro-ine by the liter 
and thus serve as a valuable tot of liver function. 
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FAMILIAL MEDITERRANEAN TARGET-OVAL CELL 
SYNDROMES 

By William Dameshek, M.D.* 

PROFESSOR OF CLINICAL MEDICINE, TUFTS COI-LEGE MEDICAL SCHOOL 

BOSTON, MASS. 

(From the Joseph H. Pratt Diagnostic Hospital and the Blood Clinic and Laboratory 

of the Boston Dispensarj') 

Target cells are unusually thin erji^hrocytes which have the 
appearance of “bull’s eyes” or targets in stained blood films, 
and are unusually resistant to liypotonic solutions of sodium 
chloride. In 1940, under the designation of “target cell” anemia, 
B reported the case of a young man of Italian origin who presented 
a moderately severe hypochromic anemia with numerous target 
cells, marked splenomegaly, moderate hemolytic icterus and the 
generalized osteoporotic changes commonly seen in Cooley’s eryth- 
roblastic anemia. Since no nucleated red cells were present in the 
peripheral blood, it Avas believed that the case probably represented 
an “anerythroblastic” and relatively mild variant of Coole.A'’s 
erythroblastic anemia. In the latter rather rare condition, which 
occurs in children of Mediterranean origin (Italian, Greek and 
S.Ai’ian), one of the outstanding features is the presence of numerous 
nucleated red cells. Marked hj^iochroraic anemia, splenomegaly, 
generalized bone changes, increased hypotonic resistance of the red 
cells, and the evidences of increased hemolysis are concomitant 
features. Death almost im'ariably occurs before the age of 12, 
therapy Avith iron, liver extract and splenectomy being ineffective.* 
Since but feiv cases of Cooley’s anemia survive to adolescence or 
the adult state, the mechanism of inheritance has been obscure. A 
■ few years ago, Caminopetros* found that certain siblings of cases of 
Cooley’s anemia had increased hypotonic resistance of the red cells 
and suggested that this abnormality might be inherited in a Mende- 
lian recessive fashion. Our studies on this point have revealed mild 
target cell syndromes in both parents and in certain siblings of case.s 
of Cooley's anemia— findings Avhich indicate tliat Cooley’s anemia 
is definitely inherited, although the exact mode of inheritance 
remains to be worked out. 


♦ Aided by gr.ints from the Clwrlton Fuud, Tuft5 College Medical School. 
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In the paper referred to above,'' the suggestion was advanced tliat 
the fundamental fault in Cooley’s anemia might center about the 
target cell, Avhich indeed might be the inherited defective factor. 
Further studies, chiefly in Italians have demonstrated that various 
syndromes presenting among other features target cells and in- 
creased hypotonic resistance of the erythrocytes are not uncommon 
and are usually familial and hereditary. It has been imssihle to 
arrange these cases in groups ranging in severity from Cooley’s 
erythroblastic anemia and the previously reported case of target 
cell anemia to very mild cases of hypochromic anemia with target 
cells, elliptical and oval cells, and basophilic stippling. 

Several of these syndromes (including Cooley’s anemia) have 
already been reported as separate diseases under different heading'. 
These include the following; Familial Hematopoietic Disorder in 
Italian Adolescents and Adults, Resembling IMediterranean Disca'^c 
(Thalassanemia) (IVintrobe ci alJ); Familial IMicrocytic Anemia 
(Strauss, Daland and Fox®); Microcytic, Hy]50chronuc Anemia 
Associated With Splenomegaly and Refractory to Treatment (Flic! 
and Bayles®); La Syndrome di Cooky {Anemia Mcditcrranca) XcH' 
Adniio (ChinF); Anemia ipochromica sjdcnomcyalia emolitiea eon 
oralociiosi (Elliiocifosi) , poichiheiiosi cd aumcnio della ratixtenzit 
osmoiica dci globuli rossc (Introzzi®). The possible relation^^lups 
between these variously described conditions has only occasionally 
been commented upon and the “common denominator” among't 
them has not been well defined. 

The present paper presents a preliminary report together with 
some comments arising from the stmly of 10 Italian families and of 
1 Italian bachelor (com])rising altogether more than 50 individual') 
all affected with what is believed to be a similar condition, hut of 
varying degrees of intensity. In addition, blood smears of 60 con- 
secutive individuals of It.alian origin were examined for oval, target 
and stippled red cells. 

Case Reports. I. Carmo Family— Ili/pochromic Anemia, Marked 
megahj, Adiolitric Jaundice, Marked Bone Changes, Target, Oral, Shpp'f^^ 
Red Cells, Increased Hypotonic Resistance. The p.ationt, a young man o! 
It.almn parentage, had been pale since infancy. I’hy.'ical dcvclopni' ri! 
Iiad been normal and when examined at the age of 20, Iic rva' found to he 
t.all and well formctl. There \\a« a sugge.^tive Mongoloid appe.ammc oi 
tlie face, icteni« of the sclcnc, moderate ])allor, marked splenomegaly, atal 
a rough blowing s>'.=tolic munnur heard over the entire ^irecortiitua- •’ 
well-defined hjirochromic anemia with many target celh wa' iire-ciit. 
Elliptic.al and .^tippled red cell« were common, but no nnclcafe<i ml 
were found. The evidenres of greatly incrc.a'ed blnixl de-tniction e.tn^ 
present (bilirubinemia of the ‘'indirect" type, greatly incrc.a=c<i output " 
fec.al urobilinogen), together with the bone marrow fnuiinc- of intcc"'' 
errthrobla'tic lo'pcqda=ia. There were generaliryd bone change', qin 
similar to tho=e seen in CooleyV anemia. The jiatient’' age. nomial p-p 
cal development, and lack of nucleated cn-throcvtc- in the yKripi^ral 
sen'cd to dificrentiate thi« ca'C from tho-e of typical Cooley-- (rjl 
bl.astic anemia. The patient’' f.amily wa' unusually niu-fx-ic r.atne ar u ^ 
w.as iram^dble to do complete .-fud'ic-. However, fTV*. '/'fV,'-' 

made, a familial abnonn.ality ua- apparent (Table Although th^ la •< 
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the mother and one of two sisters studied were apparentlj^ in good health, 
they showed definite numbers of target, oval and stippled red cells 



Fig. 1. — Photoniicrosraph of blood smear (X 520) of a case of outspoken Cooley's 
anemia (P. W.) prior to splenectomy. There is groat diver^sity in cel! size with both 
microspherocytes and macrocytes, an occasional nucleated red cell and an occasional 
target cell. The maikod evidences of blood destruction were iirosent. 



Fni. 2. — Photoimcrognuih of hliKxl Miioar tX 520) of a case of Cooley’*- anctnia 
(P. \V.) following splencetomy. The target cells hive pre.itly increased in mimher. 
as have the nucleated red cells In aildilion there is le^« spherowto-is and the 
cMilences of incn'ased blood destruction ha\e almost completely disappe-arin) 
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11. Perriello Family— Hypochromic Aneyyiia, Splenomegaly, No Bone 
Changes, Acholuric Jaundice, Target, Oval, Stippled Red Cells. This rather 
large Italian family consisting of father, mother, grandparents, and 8 chil- 
dren was quite cooperative. The mother was referred for study because 
the diagnosis of congenital hemotytic jaundice had been made in 2 of her 
children. 

In general, the children had developed fairly normally, although 2 were 
undersized, and 1 was chronically hospitalized for rheumatic heart disease. 
Three of the children had recently, within a period of 2 weeks, developed 
nausea, fever, increasing pallor and jaundice. The mother, despite the 
birth of 8 children in 17 years, considered herself to be in moderately good 
health, and was able to carrj’’ on all the various household duties without 
assistance. 



Fig. 3. — Photomicrograph of blood smear {X 5G0) of a case of severe target cell 
anemia (J. Caruso) showing many target cells (with central dark spots), much aniso- 
cytosis, but no nucleated red cells. 

The various physical and hematologic data are arranged in Table 1. 
Inheritance appeared to be through the grandmother (Bisesti) to the 
mother, Caroline, both the grandfather and the father being heraatologically 
nonnal. Slight pallor, slight to moderate splenomegaly, and slight fo 
moderate jaundice were usually present. A IMongoloid appearance of the 
facies was not apparent. _ Hypochromic anemia of mild to moderate degree 
associated frequently with slight achohiric jaundice was present in 7 of 
the S children, although in at least _1 instance (Feli.x. Jr.) hypochromic 
“ polycytlicmia ” was iircsent. A dimiui'^hed corpuscular volume, reticulo- 
cytosis. increased numbers of target cells, manj- oval and elliptical cells, 
and many stippled red cells were present. The resistance of the red cells 
to hypotonic salt solutions was definitely increased, especiallj’ in the 
" minimal’' phase. An increased fecal urobilinogen output (indicating 
increased blood breakdown) and erj'throblastic hyperplasia of the marrow 
were pre.-ent in the casc> studied. Slicht osteoporotic changes, particu- 
larly noticeable in the metacarpal bones, were occasionally present. An 
unusual feature was the iirc-cncc in 4 of the children (Rose, 13: Anthony, 



()48 n.v.Mi:HHi;K: .meditkuiuxeax takget-ovae ci;Et. syxduo.mks 
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11; Phyllis, 7; and Edward, 6) of rough, blowing systolic murmurs. Rose 
had been diagnosed as a case of rheumatic heart disease and was confined 
to a chronic hospital. In the cases of Anthony, Phjdlis, and Edward, who 



I'lo ■} —PlioloiniproCTnplis of hloofl snic.ir; (X 2000) of n oaceof modpratpJy «c\prp 
tnrcot ccU aiu'iiiri UOivlh-. IVrrii'Uoi t.arjret oolK .ninl tlip \ cry he:i% ily 

Hlaiiunl nnl epll" of the foiKiition. 




dameshek: mediterranean target-oval cell syndromes 651 


III. L. Family— Hypochromic Polycythemia, Freq^uent Splmomegaly, Occa- 
sional Jaundice, Occasional Heart Mimnurs, Rcticidocylosis, Target, Oval, 
and Stippled Red Cells, No Bone Changes. This large Italian famity con- 
sisting of mother, father, 11 children and 6 grandchildren was only slightly 
cooperative, and complete studies could not be made. The rnother com- 
plained of almost constant headaches, and several of the children com- 
plained of “lack of pep’' and pallor. In general, however, their develop- 
ment had not been retarded and they considered themselves to be in good 
health. Three of the children had been treated at one time or another 
for anemia. Inheritance in this family appeared to be through the mother. 
Of 5 children studied, 4 were affected. One of the male children (Sarno) 
had 2 children and both showed the characteristic features of the disease, 
their mother being completely normal. A Mendelian dominant _t5|pe of 
inheritance thus appeared to be present. All of the affected individuals 
showed a normal physical development and a normal facies without evi- 
dence of “mongoloidism.” There was slight pallor in several cases, border- 
line icterus in 2 cases, and splenomegalj'- in 3 of 8 cases examined. Hema- 



Fiu. G.—Pliotoinici'oiiriiph of blood smear from .a mild case of hj'pochromic anemia 
(MaricHo) •with target and oval cells. 


tologically, "hypochromic polycythemia” (low hemoglobin vahms in the 
presence of a high red cell count) was the rule, and was associated with a 
greatly reduced mean corpuscular volume, slight reticulocjdosis, and the 
presence of target, oval, and stippled red cells (Table 2). No nucleated 
red cells were seen. Increased hypotonic resistance was a constant finding. 
Slight bilirubincmia (above 1 mg. per 100 cc.) was present in the mother 
and 1 of the children (Sarno) had ]>reviously had slight jaundice. In 1 of 
the grandchildren (Richard, aged 7) there was a definite increase in the 
daily fecal urobilinogen output, indicating increased blood destniction 
despite the nonnal blood bilirubin value of 0.7 mg. per 100 cc. Roentgen 
ray.s of the skull and of the metacarpal bones in 4 cases were nonnal. Exam- 
niutions of the bone marrow were not made. As in the P. famih- above, 
~ of the grandchildren (children of Sarno) showed loud, rough,' blowing 
systolic mumuirs heard best in the apical region and along the left border 
o} the, sternum .and accentuated with exerci.'c; there was no increase in the 
c^'^diac silhouette. Treatment of selected membem of the family 
With large doses of iron liver c.xtract. yeast concentrate tablets, and ribo- 
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preparations of the patient’s blood showed questionable sickling. Treat- 
ment with iron was ineffective. Further studies could not be made because 
of the family’s lack of cooperation. 

Danubio— the patient, aged 48, a bachelor, born in Italy, complained of 
a hea^y sensation in the head which had prevented him from working during 
the past 15 years. He had consulted many physicians and in the course 
of one study had been found to have “polycythernia,” for which phenyl- 
hydrazine had been prescribed. With the exception of 1 brother and a 
nephew, no relatives were available for study. Repeated examinations of 
the patient showed only numerous telangiectases of the face, the buccal 
mucous membranes and the nail beds. There was no icterus, hepato- or 
splenomegaly. The brother and his child showed no abnormalities, either 
physically or hematologically. Numerous blood examinations gave hemo- 
globin values of 75%-85%, red cell counts of 6.01 to 6.93 million, slightly 
elevated leukocyte counts (13,500 to 14,500), nonnal platelet counts, slight 
elevation in reticulocytes to approximately 2.0 %, verj’’ low mean corpuscular 
volume, no bhirubinemia, and the presence of many target cells with occa- 
sional oval and stippled cells and increased h 5 'potonic resistance of the red 
cells. There were no bone changes; the bone marrow showed erjdhroblastic 
hyperplasia. The fecal urobilinogen output and the total blood volume 
were nonnal. Treatment with iron, liver extract, and large amounts of 
spleen extracts were completely without effect on the blood counts and on 
the patient’s sjnnptoms (which were almost certainly neurasthenic in 
origin). 

V. Mariello Family-Mild Fcfractory Hypochromic Anemia Without 
Icterus or Splenomegaly and With Target, Oval, and Stippled Red Cells. 
The mother, aged 58, was referred because of hypochromic anemia which 
had failed to respond to iroiv. vShe had but few complaints and physical 
examination was entirely negative. Although she had 9 children, onlj-- 1, 
Anthony aged 15, was sufficiently cooperative to be examined. He had no 
complaints and on examination showed no pallor, icterus, hepato- or spleno- 
megaly, or cardiac mmmurs. The hematologic findings in mother and son 
were strikingly similar: slight' hypochromic anemia, diminished mean 
coipuscular volume, and the presence of target, oval, and stippled red cells 
with increased hypotonic resistance. 

VI. Unselcctcd Italian hidividnals. The blood smears of 60 unselected 
individuals of Italian parentage who came to the Medical Clinic for various 
conditions were studied for the presence of target, oval, and stippled cells. 
In 8 (13%), definite and unequivocal changes in the red ceils were apparent. 
Of these, *3 showed target cells, oval cells, and stij^pled cells in definite num- 
bers; in 5, ovalocytosis of definite degree was apparent either with or without 
stippling. Further studies of unselected Italians are being made in. the 
course of which more definitely quantitative values regarding “ leptocytosis” 
and ovalocytosis, etc., will be obtained. 

Comment. 1. The Fundamental Unity of the Various Target 
Cell Syndromes, Including Cooleys Anemia. From study of these 
cases it is possible to arrange in a descending scale, beginning with 
the outspoken and well-known although rare Cooley’s anemia, 
various more frequently encountered hereditary syndromes, which 
present as their common denominator a reduction in the hemoglobin 
level, hypochromia, abnormalities of the red cells including the 
presenee of target ceils, oval cells, stippled cells, increased hypotonic 
resistance and complete rcfractorinc.ss to iron therapy. At the 
lower etui of the scale are individuals without anemia or evidence 
of other abnormality bttt .dunving increased numbers of target^or 
oval cells (Table 0). 
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This arrangement of the A'arioiis syndromes indicates po^^iliic 
relationships among tliem. That this is probable is indicated bv 
following: (1) Certain siblings and hoik parents of the cases of 
Cooley s anemia studied showed the hematologic changes of mild 
i^Xediterranean target cell sjudrome, usually hypochromic pole* 
cythemia. (2) The various groups merged into cacli other by in- 
sensible transitions, (3) Individuals of the same families occa- 
sionally showed the same variations as were noted in the groups. 
These considerations indicate that Cooley’s anemia is probably the 
most severe manifestation of an hereditary disorder occurring in 
people of iMediterranean origin and in which target cells and in- 
creased hypotonic resistance are prominent features. 

2. Ilcrediiij. In the families in which one of the milder syndronuG 
was present, inheritance was present as a simple dominant mechan- 
ism, occurring through either parent. This is well brought out in 
the Periello, Luccio, and Veneziano families, in ivhich members of 
three generations were available for study. Seven of the 8 Periello 
children and 4 of the 5 Luccio cliildren studied were affected. 


although in different degrees. In the Periello family, the transmit- 
tor was evidently the grandmother (Bisesti) who showed a \cry 
mild condition of hypochromic anemia with elliptical and target 
cells. Her daughter (the mother Caroline) showed a nuicli more 
severe condition Avith jaundice and splenomegaly and the latter’s 
children Avere similarly affected- The male grandparent and parent 
Avere hotli completely normal. In the Luccio family, the grand- 
mother, the son Sarno, and the latter's children all sliowcd 
chromic polycythemia Avith target, OA-nl and stipjdcd cells; the 
grandfather and danghter-in-laAv AA'erc both normal. 

In the families of tiic 4 severe eases studied— 3 of typical Cooley’.-; 
anemia and 1 of the “anerythroblastic" type— hath the father and 
the mother siioAA'ed a mild target-oval ceil syndrome. What i-; 
more, a mild Mediterranean disorder was often present in certain 
of the .‘^ihling.s of the ca.scs of Cooley’s anemia (Table 5). Thi- suc- 
gests that the mild di.^ordcr is readily transmitted as a Mcndolmn 
flominant, I)nt that the scA-crc disorder requires the presence of 


liomozygous genes. The exact nature of the hcrc<litary prfx-C" 
remains to be Avorkcil out and Avill be the .subject of another rejsirt- 
3. Paihngcnc.vs. A few comments may he A-enturcrl at tills time 
regarding possiidc pathogenesis. The hypochromia, the \Try jow 
mean corpuscular volume, and the complete lack of respon-e to imn 
medication suggest a disturbance in the hemoglobin inet,'ibn!i=m. 
more particularlv pcrliaps in the development of a normal eomp'e- 
ment of licmoglobin in the cytoplasm of the nm'leatcd red ccll^ in 
the hone marrow. This may be reflcctcrl by tlie development 
umisuallv thin mature red blood cclL (target cel!-: find oval ee,i-l. 
Rcti cell formation is itself probably imdi^turbtd .Mme there )- 
crA-throblastie hvjierpiasia of a normal (normobla-fie) typ- '' ' 
Sf ccll count In tl.c pcr;pi,<™l I.W i- rcci«-n.l,;- pccn.cr .).» 
normal. Tlic prefonto of laisc mimlicr- o, -tipp.-.l mi H- ■. 



bameshek: mediterranean target-oval cell syndromes 655 


gest a possible “toxic” effect on the developing red cell; however, 
this seems unlikely in view of the hereditary nature of the process, 
and may be further evidence of an abnormal hemoglobin metabolism. 
Of particular interest in the more severe cases is the presence of 
increased hemolysis, of which the cause is at present obscure. This 
may be due either (1) to an increased breakdown of hemoglobin 
precursors which cannot properly be metabolized; (2) to a possible 
increased in Diro fragility of the target cell, although in vitro it has 
an increased resistance to hypotonic salt solutions, or (3) to some 
abnormality in the spleen. Combinations of these factors are also 
possible. Coincidentally with increased blood destruction are 
present certain evidences of increased blood regeneration: reticulo- 
cytosis, leukocytosis in some cases, and perhaps basophilic stippling. 
Tlie high red cell counts in many of the cases suggest an attempt 
on the part of the marrow to compensate for the hemoglobin 
deficiency. All that can be stated at present is that the disorder— 
wliether mild, moderate, or severe— is an inherited one in which the 
red cells are abnormallj'^ thin (“ leptocj'tosis ”) and the hemoglobin 
production abnormal. 


Tai)i.k .L— HEUEDiTAnY Natuhe of 4 Severe Cases (“Cooley’s Anemia”) in 
4 Families Showing Mediterranean Target-Oval Cell Disease 






Target 

Oval 





Hypotonic 

cells 

cells 



Hsb. 

r.b.c. 

fragility 

% 

% 

Type of case 




Mcncunio Family 


Fntlicr (.lolin) 

sr. 

0.7.8 

..34-. JO 

0.2 

2.5 

Hypochromic 6r.i’throcyfosis with 






oval cells 

Mother (Mary) 

84 

O.OG 

.30- ,10 

0.2 

4.0 

Hypochromic erythrocytosis with 

John, .Ir. 






oval cells 

77 

5.50 

..38-. 20 

I.O 

1.7 

Hypochromic erythroeyfosis with 

Irene 






oval cells 

88 

4.98 

.42-. 24 

0.2 

0.2 

Normal 

Helen ilfon'c 


II a 1 

.SS-.IO 

i'..5 

S.i 

Cooley’s anemia 




Winny Family 


iLitlier (Josepli) 

So 

5.50 

.38-. 12 

S.G 

0.9 

Hypochromic erythrocytosis with 

Mother (Freda) 






target cells 

74 

5.40 

.3G-.0S 

4.9 

0.5 

Hypochromic erythroo.vtosis with 

Philip 

21 

1. 77 

.hi-. 12 

l.S 

5.S 

target cells 

Cooley's Anemia 




Adorno Family 


Fallicr (Frank) 

75 

5.24 

.40-. 10 

2.0 

1.0 

Hypochromic anemia with target 

Mother (Lviey) 

Vincftii 

74 

4.SS 

,40-. 10 


•• 

and oval cells 

Hypochromic anemia with target 
and oval cells 

Cooley's anemia 


2. OS 

..7C-.05 

Many 

Many 

I'auline 

I'rank, Jr. 

75 

0.20 

,38-. 12 

1.3 

2.8 

Hypochromic polycytlicmia 
Normal 




Caruso Family 


Vntlier (Orario) 

SO 

4.97 

.42-. 12 

1.3 

1.3 

Hypochromic anemia with target 

Motlier (Alma) 

71 

4.29 

.38-. 12 

1.5 

0.5 

and oval cells 

Hypochromic anemia with target 

l.nev 

Alary 






and oval cells 

S7 

4.30 

.42-. 10 

None 

None 

Normal 

OS 

4.72 

.3S-.12 

3,4 

1.2 

Hj-pochromic anemia with target 

J Off ph 

SO 

S.IS 


S2.n 

.Many 

and oval cells 

Anerythroblastic Cooley's anemia 


— target cel! anemia 


•i. Certain Features of Diagnostic Significance. Study of the cases 
pre>ented in this jiajicr has indicated that the presence in people of 
• Icthtcrrancan origin (Italians, Greeks, and S\Tians) of a low 
icinoglobin value, a low color index, or a hypochromic type of 
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polyc\jt]iemia should immediately bring to mind a possible target 
cell disorder. In eases of splenomegaly, particularly if they are 
familial; in cases of possible congenital hemolytic jauiulice in 
Italians; and in various other types of hemolytic syndrome'^ in the 
same racial group, the question of a target-oval cell syndrome .dimihl 
be thoroughly investigated. The presence of a sy.stolie caniinc 
murmur in an Italian child may indicate target cell anemia rather 
than rheumatic lieart disease. Likewise, basophilic stijijiling, when 
present in an Italian worker exposed to lead, although suggestive 
of lead poisoning may be indicati\-e of a target cel! syndrome; this 
may occasionally be of medico-legal significance. The diagno.<is of 
sickle ceil anemia in a white person of ^Mediterranean origin should 
be thoroughly investigated, since occasional cases of target-oval 
cell syndrome show an unusual degree of elliptocytosis. IIowe\'er. 
that true cases (transitional forms?) of predominantly African sickle 
cell anemia occur in Mediterranean individuals is certain. 

The diagnosis of one of the target cell syndromes is ba.^ed ujion 
(a) the racial factor, (b) a reduction in hemoglobin concentration in 
association with a low color index, (r) refractoriness to iron therapy, 
(f/) the presence of increased numbers of target cells and reticulo- 
cytes, usually in association with oval and stippled red cells, (r) the 
presence of increased hypotonic rrmkntcr of the crythrocyte.s. and 
(/) the absence of such conditions as hejiatic disease, steatorrhea, 
bleeding, or lead poisoning. Target cells and increased hypotonic 
resistance of the red cells may be present in the tAvo former condi- 
tions. which should, however, show flic various n.-.<ocinted coll.'iteral 
features. In the presence of hypochromic anemia with rctieuiie 
cyto.sis, bleeding should alu’ays be iin’c-stigated and may only In- 
found by careful examinations of the stool.-^ for occult blood, i In'- 
is particularly true if the h\'pochroinic anemia does not rc'iJond to 
iron therapy. In certain ease,', leail jioi'onirnr may have to !»■ 
ruled out. 


A high familial incidence will aimo't aluay' be found in a tri'cn 
instance if this can lie inve.'tiirateil. Whether ieteni^. 'j)Icnnmcirab . 
bone changes, cardiac ^y.'^tolic murmur.' ami nucleated er\ tlimev te- 
are present depend.s ujion the severity of the condition (//. d'aid<- <<h 
The exact tyjie of syndrome jire-'cnt whether refra' tor\ h\i'"- 
chromic anemia, hypocliromie poheythemia. hemolytic fisri:''! ••!! 
jaundice with .'plenomeiraly, etc. U'UalK ciepend' njwrn the fandb 
affected, since hypocliromie polycy fhemic' app<-ar to I>cgei h;,j“^- 
chromic polycythemic.', mile." both fiarcnt' happen to b-affert.d 
in which case a more .'XTiou-< di-onicr ma\ cn-uc. ^ 

.*). Possihlr Retnlwicdiip of thr M, 'Hlerroioon Torre t T, •//,">■' c-' ' 
ia {Ilf (Jfriain) •''iel'b' CfH Stin'lroinft. .\n oiit-randim.' lo-niatn lu.' 
feature in a ca-e of >i<-kle <rll anemi.i i- tin- pn— jk-.- of l.ir.'- o'l" - 
hers of target cclL. In fac-t. target c-elb an- fm,ncnt!v mo.v- n>^- 
«picuon.' in a stained prcp.iration than are -cv.l.-d cdi-. . _ • 

anemia, although hcmolytie. i' nlnm-t alaay- jk 

iucrcasM hypotonic rc'i'tanee o! tlie red n .1-. tur.c a. -n- 
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“minimal” phase. As with the Mediterranean target-oval cell 
disease, various gradations in -the broad syndrome of sickle cell 
anemia may be discriminated, ranging from (a) the mild “sickle 
cell trait” brought out only in fresh preparations to (b) hypochromic 
anemia with many target cells and onlj'' occasional sickled cells to 
(c) hypochromic anemia with splenomegaly, icterus and frequently 
cardiac systolic murmurs, and finally to (d) the outspoken sickle 
cell anemia with marked sickling in the peripheral blood, reticulo- 
cytosis, stippling, target ovals and nucleated red cells. In such 
cases, nucleated red cells may be so abundant that the designation 
“erythroblastic anemia” may be as applicable as in Cooley’s anemia. 


Table G.— Familial Meditekbanean Tauget-Oval Cell Syndromes 
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All of these features parallel closely those of the various Mediter- 
ranean syndromes. Since the thin target cell is found in both 
conditions, and since ovalocytosis, elliptocytosis, and meniscocytosis 
(sickling) may also be indicative of increased thinness, it is possible 
that the two types of syndromes are closely related. Viewed in this 
light, various transition forms between the two conditions may be 
expected. 

Recently, Dr. Moises Chediak of Havana informed me of the 
case of a Cuban family in which 3 children developed a hematologic 
disturbance. Generations previously, the family, of pure Spanish 
stock, had emigrated from the Canary Islands. One child devel- 
oped idiopathic thrombopenic purpura with slow recovery after 
transfusions. A second child who developed anemia, jaundice, and 
splenomegaly showed the typical hematologic features of sickle cell 
anemia although the facies was iMongoloid in type and Roentgen 
rays of the bones were characteristic of Cooley's anemia. A third 
child presented hypochromic anemia refractory to iron therapy; 
after 2 years of observation, sickled cells were noted in wet prepara- 
tions. The possibility exists that in this family of Mediterranean 
origin, a transitional condition with tlie features of both sickle cell 
anemia and target cell anemia may be present. In an Italian girl 
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studied at the New Hai'en Hospital (the records were made a\ ai!- 
able to me through the kindness of Dr. Arthur Geiger) in wlioin the 
diagnosis of sickle cell anemia was made, various foinilial. hmntn- 
Jogic, and roentgenologic features of a i\rediterranean s\-ndrome of 
moderate severitj- were present. Recently, a typical case of Cooley s 
erythroblastic anemia in a negro child was observed at the Mt. Sinai 
Hospital of New lork. All the various hematologic and iione 
changes were present and repeated c.vaminations of the blood for 
sickling were always negative. 

Further studies of the possible relationship between these two 
conditions, one occurring predominantly in i\IccHterranean jieojiles 
and the other in those of African origin, are now in progrc.'S. 

6. Terminology. The matter of terminology for de.scri[)tion of 
these syndromes is a difficult one. Use of the term " target eeii 
anemia ” may be criticized because target cells occur in .such diver.'C 
conditions as hepatic disease, steatorrhea, following splencefoniy. 
and to some extent with chronic hemorrhage. The same eritieimi 
may be made for er\dhroblastic anemia, and for other hematologic 
conditions which are described by the charaeteri.stics of the blood 
cell. The term i\Iediterrancan anemia, although sufficiently vague, 
does not adequately describe the cases with a high erythrocyte 
count, although the hemoglobin level may be di.stinctly lf)wen'd. 
The numerous previous designations referred to in the introduction 
are also unsatisfactory for one cause or another. Since mo^t ea'C- 
occur in Mediterranean peoples and arc familial, and since a com- 
mon feature is the hj-potonically resistant target-oval cell, I have 
thought it best to refer to these cases as “familial Mediterraucaii 
target-oval cell disease.” This unwieldy term is admittedly mvat- 
isfactory but must await revision a.s the pathogenic meeliani-iii' are 


better understood. 

7. Course and Therapy. Cooley’s anenii;i, the most .severe form 
of the target-oval cell syndromes, is almost uniformly fatal hi forv 
the age of 12. The milder syndromes a})pe;ir li7 run a jirotraetiil 
course without much effect on the general health. In tho-c ea'i ' 
with Jaundice and other evidences of increased blood di'.-tna tiitn. 
there may be an enhanced tendency for the deveiojuiicnt of gall 
stones; this possibility has not as yet i»een investigiitcfl. '1 he <'V*' ' 
significance of the canh'ac systolic murmurs heani in a mimber *'• 
the cases, especially in children, i-' liuis far tmeiTtairi .and uni'! 
await long-term studies. In 1 of the <M'-e.> of hyjxx-hrHUiie ' 
c\-tbemia,” Mary Z. (Table 46). the cfiiirseof the .■incmia during a 
period of about 7 years from the age.- of ."lo to iC niuliljw h'ffiey - 
There was a gradual reduction in tin- red cell eomit from »-■!" j" 
4fiG million, the hemoglobin concentration remaini/ig n .-rar/.-i 
constant at between 72G .'f«d 82G. Thi- probabb icduno - r. 
gradual reduction in rerl ct-il formation with ad-. am ing ear-. i ^ ^ 
static quality of the hemogh'bin level wa- rinf/d m nfi 
cases which were followed. 
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The response to therapy is uniformly nil. Despite the Ioav 
hemoglobin concentration and low color index, no response what- 
ever to iron therapy occurs. This is about the onlj'^ exception to 
tlie dictum that a hypochromic anemia always responds to iron 
therapy. Liver extract, various members of the vitamin B complex, 
splenic extracts, etc., are also completely ineffective. As already 
stated, the negative results with therapy rule out various deficiency 
syndromes, and with the hereditary nature of the disease, point to 
an inherited disturbance either in the hemoglobin metabolism or in 
red cell formation. 

Summary. 1. In a previous paper, attention was directed to a 
condition tentatively called “target cell” anemia and representing 
a relati^'elj'' mild form of Cooley’s anemia. The chief hematologic 
feature was the presence of numerous target cells, which were unusu- 
ally resistant to hj^otonic solutions of sodium chloride. 

2. Further studies of Italian families have revealed several syn- 
dromes of varying degrees of severity ranging from Cooley’s erjd^hro- 
blastic anemia to conditions with mild hj^ochromic anemia, target, 
oval and stippled cells, and increased hypotonic resistance of the 
eiythrocytes. These syndromes, inherited usually as a Mendelian 
dominant, showed a high incidence of transmission in the offspring. 
In the few cases of Cooley’s anemia studied, both parents were 
affected with one of the milder types of syndromes. 

3. In a person of Mediterranean (more particularly Italian) 
origin, the question of target cell anemia should be considered in 
the presence of splenomegaly, a hemolytic tjq)e of icterus, a cardiac 
systolic murmur, a reduction in hemoglobin, an elevated red cell 
count, anemia refractory to iron therapy, or stippling or elongation 
of the red cells. The diagnosis is substantiated by the presence of 
target, oval, and stippled red cells, increased hypotonic resistance 
of tile red cells, and complete refractoriness to iron therapy. 

4. The fundamental inherited abnormality appears to lie in a 
disturbance of the hemoglobin metabolism with the result that tlie 
nucleated red cells become deficient in and are likewise unable to 
take on their normal complement of hemoglobin. In consequence, 
thin and hypotonically resistant erythrocytes — target and oval 
cells— arc produced. Basophilic stippling and refractoriness to iron 
therapy are probably concomitant abnormalities. The increased 
hemolysis in the more severe cases may be due to the breakdown 
oi unused hemoglobin precursors. 

o. The numerous resemblances between the essentially Mediter- 
ranean target cell smidromes and the essentially African sickle-cell 
anemia are pointed out. It is possible that the two conditions may 
be closely related entities with unusual cr\*throcytic thinness (“lep- 
toeytosis”) as one of the fundamental abnormal traits. They are 
important, not only diagnostically, but because the mating of 
- n\dlvi(hials with a relatively mild condition may result in the 
a!>pearance of either full-blown Cooley’s anemia or sickle-cell anemia 
in the offspring. 
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PRIMARY FRIEDLANDER PNEUMONIA 
By Leroy Hyde, ]\I.D. 

AND 

Bernard Hyde 

NEW YORK. N. V. 

(rrom the Tuhcroulosis Service, First Medical Division, Bclle\'iic Hospital) 

Introduction. Tlie Gram-negative bacillus ivhich noiv bears his 
name ivas discovered by Carl Friedlander’^ in 1882. Friedliinder 
believed that it was the chief cause of pneumonia, while a later 
opinion held that it was merely a secondary invader, after Stern- 
berg=^ and ^A'eichselbaum-® showed the pneumococcus to be the 
most common cause of lobar pneumonia. Now it is known that the 
Friedlander bacillus is responsible for a small but definite per- 
centage. The large series of Solomon-- (with review of literature to 
1937), Bullowa, Chess and Friedman,® Solomon,-® and Perlman and 
Bullowa-'’ indicate that Friedlander pneumonia is not rare. Solomon 
emphasized the chronic phase of Friedlander pneumonia and 
Muschenheim'® reported 1 patient ivho, within 3 years had 3 bouts 
of Friedlander pneumonia witli necrosis and cavitation. Friedlander 
bacilli were present in this patient’s sputum for at least 6 years. 

The present report is based on 51 cases of Friedlander pneumonia 
from Bellevue Hospital and The New York Hospital. Five of the 
chronic cases were preA'iously reported by Solomon,®® but are 
included here because of the interesting follow-up observations. 
The acute and chronic cases are considered together, as separate 
study of them revealed no significant differences in age or se.x 
incidence, the tA^ie of organism involved, blood response, seasonal 
incidence, the lobes involved, or sj-mptoms. It would appear that 
acute primary Friedlander pneumonia can terminate witli death, 
with complete fairly rapid recovery, or with parenchimial destruc- 
tion (the chronic phase). The chronic Friedlander pneumonia is 
thus an end result rather than a separate entity. 

Etiology. Bacteriology. 1. Morphology. Excellent bacteriologic 
descriptions of the short. Gram-negative, non-motile, and^ non- 
sporing rods can be found in such textbooks as those of Gaj ana 
of Toplev and Wilson.®® The thick capsules are easily stained. 
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2. Cnliural. The Friedlander bacillus grows luxuriantly aerobic- 
ally at 37° C. (range between 12 and 45° C.). Growth on agar is 
very characteristic, the colonies being large, gray-white, and very 
mucoid with a glossy, smooth, viscid surface. Gn a blood agar 
plate, the colonies are convex, milk-white, 1 mm. in diameter with 
a smooth surface. There is no hemolysis. Biochemical reactions are 
varied, because of different strains. 

3. Colony Variation. As with other bacteria, mucoid, smooth, 
intermediate rough, and true rough types may be recognized. The 
mucoid colony (termed “s” or smooth by some workers) is the most 
important clinically, as this group contains organisms that are 
antigenic, with the. specific soluble substance, and are pathogenic. 

4. Antigenic Structure. The gummy capsule of the Friedlander 
bacillus is a nitrogen-free polysaccharide, containing glucose^-^^ and 
about 92% water. The soluble specific substance of B. friedlander, 
type B, and of pneumococcus type II are closely related chemically. 
Both are dextrorotary and acidic. Friedlander bacillus, type B, 
capsular material is precipitated by barium hydroxide and neutral 
lead acetate, whereas pneumococcus type II capsular substance is 
not. They are thus not chemically identical, although the two 
capsular substances must be closely related. Sera of the former will 
protect mice against pneumococcus type II infection and vice versa. 
Horse sera are superior to rabbit sera in this respect. Heidelberger, 
Goebel, and Avery^-i^ have suggested that the similar reactions of 
these two dissimilar organisms must be due to a “closely similar 
configuration of atoms in some portion of the complex molecule.” 

Julianelle'® divided the Friedlander bpcilli into 3 serological types, 
A, Bj and C, and a mixture, called X, specificity being based oji 
agglutination, absorption, precipitin, and protection tests. Type 
specificity depends on capsular polysaccharide as with pneumococci. 
Later tj'pes D and E were described.“ 

5. Occurrence. Friedlander bacilli have been found in the soil, 
•Tir, dust, mud, and water. Experimentally the mouse is the most 
susceptible laboratory animal. Subcutaneous or intraperitoneal 
injections of 1 : 1 million or 1 ; 1 billion dilutions of young cultures 
often kill mice in 1 to 3 days. In humans, Friedlander bacilli have 
been isolated from the respiratory tract, stools, urine, bile, meninges, 
vagina, and uterus.- 

Etiologic Factors. 1. Age. Friedlander pneumonia is most 
likely to be found in males over 40 years of age (Table 1). Forty- 
five (88%) of the present series were between 41 and 84 years of age. 

Tabi,e 1. — Age Incidence of Friedeander Pneumonia 
Age of patient, yrs. No. of patients Percentape 


21-30 . . . 

. . . 1 

2 


:u~io 

5 

10 


51-50 . . . 

. . . 14 

271 


51-00 . . . 

. . . IS 

35 

SS 

01-70 . . . 

. . . 10 

20 

(over 40) 

71- 

... 3 
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i^c.r. Tliere were 43 males and S females, a ratio of more than 
(Tal)le 2). 


Tahi-k 2. — Ack Asn Sex I.vcidencp. 


Solomon, I!).'i7‘ 
Hiiilo\vn, in;t7' 
fiiilloivn, 101 1 ' 
Present .‘•orii'S 


Patient*! o\rr -tO jear*- 


pjlWlltv 

Xo. 

% 

,‘<2 

28 

87 5 

■n 

2!) 

70 

.•(7 

2(i 

70 

.‘ii 

•15 

ss 

1(U 

128 

70 5 


Sev 


llatio 

Male/ 

female 

iniilf fpm. 

:ilr 

2S 

4 

7:i 

ao 

o 

7; I 

lie 

5 

fi 2; I 

J'i 

S 

5 .3:1 

1.30 : 

22 

0 ;3;l 


o. Srattottnl Incidence. Tlie inontli of admission of each patient 
was tabulated. Xttvendter and I )eccmber liave the highest incidence. 
Of the I'riedlandcr pneumonias, 59% had their onset between 
Xo\’ember ] atid April 30. Solomon’s-- comparable figure was 65%. 

4. Occupation. This plays no role, and both whites and negroes 
.‘ire affected. I\Iany of the patients have been debilitated; others 
have had preceding nj)pcr respiratory infections. Clironic alcoholism 
is probably a factor. Cold, avposure, malnutrition, foci of infection, 
trauma were all present occasionally but Friedlander pneumonia 
usually starts suddenly in preA’iously healthy people. 

VAnnvmohOGY. 1. Incidence. T)ie reported incidence is loir 
because of infrequent sputum cultures, and because the diagnosis 
is often not borne in mind. The proportion of Friedlander pneu- 
monia among all pneumonias is reported variously as between 
0.5% and 5%.5.«.i3.2ci.!i Tlig proportion is lower in large collected 
series of all pneumonias. 

2. Carriers. The incidence of B. friedUindcri in the normal upper 
respiratorj' tract varies greatly in different studies. Bloomfield" 
found this bacillus in 5.S% of normal tliroats; Bullowa® in 2.2% of 
S55 throats. Cooper found Friedlander bacilli in 1% of normal 
throats (Solomon--) and Etienne, 4%. Harris-^ in more than 500 
throat cultures and mouse inoculations at Belle^•ue found Fried- 
lander bacilli in less than 1 % of patients without respiratory disease. 
The origin of the oft-quoted figure of a carrier rate of 25%'- cannot 
be found, and it is difficult to accept this figure with tlie above 
findings. 

Excepting Zander’s large series,-' which was without adequate 
bacteriologic study, outbreaks have been small. ICliewe, quoted by 
Bullowa, ct al.^ reported an epidemic of infections of the upper 
respiratory tract and lungs due to B. fricdlanderi in 11 cliildren 
who were exposed to a patient with known Friedlander pneumonia. 
Friedlander pneumonia is apparently less infectious than pneumo- 
coccal pneumonia. . 

Pathology. Morphologic. Acute phase. The following des- 
cription is based on 13 autopsies of tlie 26 patients who died. Phen 
death occurred early (within the first 5 days), the pulmonap 
findings are characterized by the large, heavy, firm lobes, bngn 
red color, and thick, gelatinous, tenacious, reddish-gra.^' alveolar 

exudate. 



HYDE, HYDE: PRIMARY FRIEDLANDER PNEUMONIA 


6C)3 


Gross examination reveals the pneumonic lobes to be much 
lieavier and larger than normally, non-crepitant, rubbery, firm, and 
consolidated. They are almost always bright red in color, much less 
often salmon or gray-colored. The pleura over the involved lobes 
is almost always roughened, dull, reddened, and covered with a 
hea\ 7 ' fibrinous exudate. 

Section shows congestion, reddish-gray or brick red color, with 
a smooth (rarely dull) surface. Red and gray mottling is usuallj’’ 
present. The alveolar exudate (also seen in the bronchi) is always 
thick, gummy, tenacious, glairy, mucoid, gelatinous, and reddish- 
gray or blood-tinged. In fewer than half of the cases, many small 
(1 to 6 mm.) abscesses with green-gray pus and friable debris can 
be seen. 

JMicroseopically, the pleurae are thick and congested, and covered 
with a heavy fibrinous deposit. There are often many neutrophils 
in this fibrinous lajmr. The alveoli are filled with serous or cellular 
exudate, which varies in quality in different areas of the involved 
lobes. The exudate may be serous, or may consist mainly of neutro- 
phils, or mainly mononuclears, few large endothelial cells, and red 
blood cells. There is frequently a fibrinous meshwork in the more 
cellular areas. Many large clumps of bacilli may be seen within the 
phagocytes or free in the alveoli. The alveolar septa are destroyed 
in many areas and there are areas of intra-alveolar hemorrhages. 
The interlobar and intercinar septa are thickened and greatly 
enlarged. Postmortem cultures, shortly after death, yield Fried- 
lander bacilli. 

2. Chronic Phase. The main process is destruction of the paren- 
chyma with abscess formation. One or more large caA'ities may be 
found. There is yellow pus, necrotic tissue, and coarse trabeculation 
of the abscess wall. Around the abscess is a pneumonitis of variable 
flegree. IMicroscopically, there is cavitation, parencbjunal destruc- 
tion, much pus and debris without epithelialization of the cavity 
wall. Interlobular septa are thickened, and there is an infiltration 
of neutrophils and mononuclears around the abscess. The pleura 
is thickened and fibrotic. 


Other Findings at Autopsy. Empyema, pericarditis, and 
meningitis each occurred twice. Of interest is the finding histo- 
logically, of portal cirrhosis in 4 jiaticnts (31%) and fatty liver in 
o ])aticnts (38%). One patient had both jiortal cirrhosis and exten- 
sive fatty infiltration of the liver. Spain-^ found the incidence of 


])ortal cirrliosis to be about (>%, of more than 3000 autopsies at 
Hcllcvue Hospital. Solomon-^ noted that "the association between 
cirrlu^sis of the li\ cr and Fricdliindcr infection is not uncommon.” 

Lobes Involved, .\mong the 51 jiatients, the right upper lobe of 
the lung was involved in 23 patients; the right middle lobe in IS; 
the right lower in 21 ; the left lower in 22; and the left upper in 10 
patients. It can be .seen that there is no preponderance of anv one 
lobe. 
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AnnnKviATroN's: FB, Fricdliin<ler bacillus; FBA, Friedlander bacillus, type A, etc.; AFB, acid-fast bacilli; SF, sulfanilamide; SP, sulfapyridine; ST, sulfathiazole; SD, sulfadiazine; NaSP, 
idiurn sulfapiridine. Lobes: RUL, right upper lobe; LLL, left lower lobe; LXJL, left upper lobe, etc. M, male; F, female; adm., admission; P.M., postmortem; CSF, cerebrospinal fluid. 
Ca'-cs 23, 21, 39, 40, and 43 correspond to Cases 14, 16, 13, 12, and 15 of Solomon's report.23 They are re-presented because of the interesting follow-up observations. 

Cases 47 through 51 were observed at the New York Hospital. 
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Bronchoscopic Findings. Seven patients were examined by 
bronchoscopy during the subacute or chronic phase of their illness. 
One examination was negative, while the remaining 6 revealed 
mucus coming from the bronchi of the affected lobes. The bronchial 
mucosa was noted to be injected in the affected branches. 

Clinical Course. Onset. As noted by previous observers, the onset 
of Friedlander pneumonia, like pneumococcal lobar pneumonia, is 
usually sudden with cough (91% of cases), sputum (90%), chest 
pain (82%), and chill (58%). Occasionally prodromata of “colds,” 
upper respiratory infections, and cough were present. Rarely 
vomiting and epigastric pain were the first symptoms. The patient 
always appeared acutely ill and dyspneie; often cyanotic and febrile. 
The admission diagnosis was usually “ lobar pneumonia.” 

Temperature. The first day temperature was below 102° F. in 
13 patients (26%); between 102.2° and 104° F. in 31 patients 
(62%); and 104.2° F. or above in 6 cases (12%). Pulse rates always 
corresponded to the temperature curve. Previous observers have 
noted that the temperature does not commonly rise above 102° F. 
This was noted in 50% of Solomon’s cases.™ In the present series, 
however, 74% of all patients had first day temperatures of 102.2° F. 
or above, simulating other types of lobar pneumonia. Perlman and 
Bullowa-'’ found that tlie temperature, pulse, and respiration curves 
did not differ significantly from those of pneumococcal lobar pneu- 
monia. 

Leuhocyte Counts. On admission these were tabulated in 4 groups: 


Leukocytes 
less than 5,000 . 

5.000 to 11,000 . 

11.000 to 20,000 . 

20.000 and above 


Patients 

% 

. 3 

6 

. 11 

24 

. 20 

43 

. 13 

27 


Thus it is to be observed, in a patient acutely ill with pneumonia, 
a normal leukocyte count may be of slight help in arousing suspicion 
of Friedlander pneumonia. The same phenomenon is often observed 
in virus pneumonia, and in the aged. 

Physical Signs. .The physical signs were varied and indistinguish- 
able from those of pneumococcal lobar pneumonia. 

Roentgenogram. Kornblum and Collins^®-® have observed 4 stages, 
based on serial chest films: (1) primary bronchopneumonia, (2) 
secondary pseudolohar confluence, (3) necrosis with formation of 
multiple thin-walled abscess cavities, and (4) the stage of fibrosis 
and healing. The resemblance of the stage of multiple thin-walled 
or large abscess cavity to pulmonary tuberculosis has been noted 
by many observers. During the acute Friedlander pneumonia, the 
“predominant finding is a massive, dense, usually homogeneous 
shadow, which was frequently suggestive of fluid.”® The sequence 
noted by Kornblum, Collins and others occur in about one-third of 
the patients (the group entering the chronic phase). Most patients, 
including those who die, reveal only the dense massive shadow of 
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consolidation and a few pass from consolidation to resolution, with- 
out pulmonary necrosis and abscess formation. 

Sputum. The sputum on admission was almost always described 
as “thick,” “bloody,” “tenacious,” “gelatinous,” “small hemo- 
ptysis” (see Table 3). 

Baciemnia. The bacteremia is usually slight quantitatively. 
Previous observers have noted the lack of relationship of mortality 
to bacteremia, but in the present series, the mortality rate of non- 
bacteremic cases (23%) is lower than that of bacteremic patients 
(82%). ^ ... 

Table 4 is a compilation of several large reported series of Fried- 
lander pneumonia, including the present. 

Table 4,— Bacteremia and Mortalitv Rate 

Present series 


Solomon BuUowa Bullowa Present 

acute 

chronic 


1937 

1937 

1941 

senes 

only 

onlj’ 

Total no; of cases 

32 

41 

37 

51 

36 

15 

Deaths 

31 

34 

31 

26 

23 

3 

Mortality rate 

97% 

83% 

84% 

51% 

64% 

20% 

No. of cases with blood cult. 

27 

41 

37 

40 

27 

13 

No. of bacteremic cases .... 

19 

27 

12 

18 

14 

4 

Per cent of bacteremic cases 

70% 

06% 

32% 

45% 

52% 

31% 

No. of fatal bacteremic cases 

19 

25 

9 

14 

12 

2 

Mortality rates of bacteremic pts. . 

100% 

92% 

75% 

82% 

85% 

50% 

No. of cases without bacteremia 

8 

14 

25 

• 22 

13 

9 

No. of fatal cases without bacteremia 
Mortality rate of non-bactermic 

7 

7 

22 

5 

5 

0 

cases 

87% 

50% 

88% 

23% 

40% 

- 


Course. Acute primary Friedlander pneumonia may lead to early 
death (one-half of our cases), fairly prompt recovery with I’esolution 
of the pulmonary lesion (in about one-sixth of our cases) ; or paren- 
chymal destruction with necrosis and abscess formation (the chronic 
phase, which occurred in about one-third of our cases). Table 3 
outlines the course of each patient. 

Complications. Among this group of 51 patients, at least 15 had 
clinical evidence of lung abscess. At necropsy, most had parenchy- 
mal destruction of variable degree. Meningitis proven by positive 
cerebrospinal fluid cultures for Friedlander bacilli was found in 
2 patients; purulent pericarditis twice; and a small apical spon- 
taneous pneumothorax on the aft'ected side twice. Pleural fluid was 
present 'clinically in 8 patients, the fluid being encapsulated and 
purulent with positive B. friedlander cultures in 3 of these. The 
remaining 5 effusions Avere clear, serous, and sterile. 

A complication not reported previously is the subsequent develop- 
inent of pulmonary tuberculosis. Amberson has repeatedly empha- 
sized the adverse effects of suppurative disease on old and inactive 
pulmonary tuberculosis. Baum and AmbersoiF have recentl.A' 
reported a series of patients stressing this again. Three of the present 
group of 51 patients have developed pulmonary tuberculosis. 

^®Ports. Case 43. One patient (J.A.) Ava.s included in Solomon's 
UlO report as Case 1.5. He was admitted on -Tune 10, 1939 with a Fried- 
lander t.vpe A pneumonia and developcfl a lung abscess and encapsulated 
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empyema. Thoracotomj' was perfonned on Julj^ 7 ; subsequentlj' a brouclio- 
pleural fistula developed. Cultures of the abscess and empyema pus showed 
Friedlander bacillus, tj^ie A. Recoverj" was slow, but the patient was 
able to return home on Januarj”^ 16, 1940, •ndth his patent bronchopleural 
fistula. Repeated sputa on this admission were negative for acid-fast 
bacilli. On July 10, 1941, there was a small hemorrhage from the cbest 
wall sinus. He was immediatelj’’ hospitalized. Two daj^s later, he had a 
small hemoptysis. Sputa thereafter were repeatedly positive for acid- 
fast bacilli. Chest filrns revealed bilateral infiltrations. The old thoracot- 
om 3 ' and abscess precluded accurate Ausualization of the left lung. The 
patient was transferred to a tuberculosis sanatorium. Follow-up (March, 
1942) reveals a persistent left thoracotomj' wound with moderate drainage 
from the residual empj'ema carntj'. On the right, there is a tuberculous 
ca^^tJ", 3 cm. in diameter. Sputum and pus from the left thoracotomy are 
both positive for acid-fast bacilli. There are no Friedlander bacilli in the 
sputmn at present. 

Case 42. A.P., a 53-jmar-old white male, was ill about 2 weeks before 
admission on October S, 1940. His sputum was thick and blood-streaked. 
Sputum and blood cxdture jdelded Friedlander bacilU. A type XXI pneumo- 
coccus was also present in the sputmn. He was treated with suFapjnidine and 
240,000 units of typeXXI anti-pneumococcal serum (rabbit) with no apparent 
effect. A Francis skin test with SSS of pneumococcus type XXI was nega- 
tive. Sputum concentrates were negative for acid-fast bacilli at this tune. 
A small right pleural effusion was noted on October 15. This fluid was 
clear and negative for p 5 mgemc and acid-fast organisms on culture and 
smear. On November 6, he developed a bronchopleural fistula with emp 3 '- 
ema. Empyema fluid was positive for acid-fast bacilli. He was transferred 
to a tuberculosis sanatorimn where a thoracotom}' was done later. IMien 
last seen (March. 1941) he had a bronchocutaneous fistula, mixed tubercu- 
lous empyema, and his sputmn was positive for acid-fast bacilli. 

Case 45. (I.B. is still a patient in the hospital. He was admitted on 
September 9, 1941, after haxing been ill at home for 4 da 3 's. His sputimi 
was mucoid, non-foul, and blood 3 q two blood cultures 3 nelded Friedlander 
bacilli, 13^30 B. He was treated with sulfathiazole, without an 3 ^ apparent 
response. On September 17, he was given 200,000 units of anti-pneumo- 
coccal type 2 rabbit serum, intravenousty, and this was repeated on the 
following da 3 % without an 3 '’ noticeable effect. The patient was kept in bed. 
His first 5 sputa concentrates were negative for acid-fast bacUli, but positive 
sputa were secured on October 21 and 23. Since then, however, repeated 
sputa concentrates have been negative for acid-fast bacilli. A urine culture 
3 delded Friedlander bacillus, type B, but was negative for acid-fast bacilli- 
It is believed that small tubercles have been eroded. This patient is being 
closety observed to see whether clinical pulmonary tuberculosis will develop. 

Serial chest films and repeated examination of the concentrated 
sputum for acid-test bacilU are most important. Prolonged bed rest 
is indicated. 

Diagnosis. The ty'pe-pictiu'e of Friedlander pneumonia is an 
aeuteh' ill male over 40 3 "ears of age, with a histor 3 ’^ of sudden onset of 
cough, chest pain, and chill, witlr thick bloody sputum or a small 
hemoptysis, with an initial temperature above 102.2° F., and signs of 
lobar consolidation. The diagnosis should be considered in all adult 
cases of pneumonia of unclear etiolog 3 ''. Sputum and blood cultures 
should alwax'S be secured immediate^'; Hiese max’’ show tlie char- 
acteristic groxvth in 24 to 48 hours. A Gram stain will rex'eal the 
large. Gram-negative bacilli with heaxy capsule. Intraperitoncal 
injection of tlie sputum into a mouse will cause death -unthin 24 



HYDE, HYDE; PRIMARY'' FRIEDLANDER PNEUMONIA 671 

liours, with many Gram-negative encapsulated bacilli in the peri- 
toneal exudate and heart’s blood. 

Mortality. The mortality rate of the present series is 51 %. The 
mortality rate does not vary significantly with the age of the 
patient. Disregarding any therapy received, the mortality rate of 
this group of patients prior to 1939 was 75%; since then, 35%. 
The mortalit}" rate imried with the number of lobes involved. Thus, 
it was 26% with unilobar pneumonia; 65% if two or more lobes were 
involved. There was no significant relationship of the mortality 
rate to the admission white blood count. 

Of the present series, 29 sputa were t^Tied and of these 79% were 
type A. Julianelle,^® in a carefully studied group, found that tj^pe A 
was the etiologic agent in 74% of 45 cases of Friedlander pneumonia, 
and type B in 4% of these cases. Cooper found Friedlander bacillus, 
type A, in 95% of her cases, and Solomon^^ in the 10 cases whose 
sputa were tj^ed, found type A in all. Bullowa® found type A in 
73% of 33 eases in 1937, and in 79% of 37 cases in 1914, There is 
no significant Ymriation of the mortality rate for tj^oes A and B. 
Table 5 indicates the relationship of type of organism to the sex 
of the patient. Of 73 tj^ied sputa, the male to female incidence of 
type A Friedlander pneumonia is almost 10:1; for type B, it is 3:1. 

Of those patients who died, 45% did so witliin 4 hours of admis- 
sion to the hospital (usuall}'' on the 3d to 6th day of illness) and 
80% of all deaths occurred within 5 days of hospitalization. The 
correlation of mortality rate and bacteremia has been discussed 
above (Table 4). One patient, not included in this series, had both 
Friedlander bacilli and pneumococcus tjT)e XVIII in sputum and 
blood cultures. Both organisms were recovered in the mouse. The 
patient died shortly after admission. This is evidently a case of 
true mbced infection. 

Treatment, Experivienial. Buttle et aV showed that sulfanila- 
mide had little effect in treating mice infected with Friedlander 
bacillus. Bliss et al.* found that sulfapyi'idine was slightlj^ more 
effective than sulfanilamide in prolonging survival of mice infected 
with Friedlander bacillus, tj-pe B. This was also noted by Kohner 
and Rule.^'^ Feinstone ct using mice and a strain E of tjpe B 
Friedlander bacillus, found that sulfanilamide, sulfapj’-ridine, and 
sulfathiazole revealed practically no demonstrable therapeutic 
effect. Sulfadiazine, however, had a markedly beneficial effect. 
Thus, with the same dose of eadi drug, these workers found a sur- 
vival rate of 6% for sulfa pyridine and 73% for the sulfadiazine- 
treated mice. Table 6 is an abbreviation of one of their tables. 

It must be emphasized that these data are derived from laboratory 
mice, using a single sti'ain of Friedlander bacillus, type B. 
v-linical experience does not substantiate this marked therapeutic 
advantage of sulfadiazine over other sulfonamides in human Fried- 
liiudcr pneumonia. The varied responses to chemotherapy may be 
explained by the presence of different strains of Friedlander bacilli, 
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Clinical. The evaluation of therapy in Friedlander pneumonia 
is very difficult. Solomon- reported a mortality rate of 97 % among 
32 acute cases without clTemotherapy. Five of his 32 cases received 
type A, anti-Friedlfinder horse serum, but in small amounts; all 
died. Bullowa, Chess and Friedman® had 6 patients who were 
treated with B. fricdliinden, t\’pe A serum, with 3 recoveries. These 
3 patients had negative blood cultures. Of 18 of their patients with 
Friedlander pneumonia, type A, without any serum therapy, 17 
(94%) died; 10 of these had bacteremia. Perlman and Bullowa™ 
found sulfanilamide, sulfapyridine, or serum, or combinations of 
these were of little value. In evaluating mortality tables, patients 
living long enough to receive tlierapy and those in whom therapy 
was of value in prolonging life must be differentiated. One is im- 
pressed in reviewing the protocols (Table 3) by tihe frequent fall of 
temperature to 99° F. or to normal within 24 to 48 hours after institu- 
tion of sulfapyridine therapy. Of importance is the time chemo- 
therapy is instituted. In those patients where the day of onset of 
symptoms and therapy Avas clear, tlie mortality rate was 13% when 
therapy was begun on the 1st day of the pneumonia, and 50% when 
chemotherapy Avas begun later. The Amlue of chemotlierapy is not 
clear. HoAvever, sulfonamides appear to haA'^e some A'alue in human 
Friedlander pneumonia in the earlj’- stages. They probably have 
little value after suppuration occurs. Furtlier trial of the sulfona- 
mides is clearly indicated. 

Table 5. — Relationship of Type op Friedlander Bacillus to the Sex of the 

Patient 



Bullowa, 

Perlman 




ct ah 

and Bullowa, 

Present 



1937 

1941 

series 

Totals 

Type .-A. M 

22 

2S 

19 

69 

F 

2 

1 

4 

7 

Type B. M 

2 

4 

6 

12 

F 

. . . 0 

4 

0 

4 

Untyped. M . 

. . , 12 

- 

IS 


F . 

, . - 3 

- 

4 



Table G. — Mice SuBvn'AL .and Chemotherapy'. 

(-■Adapted from Foinstone, AA'illiaras, AA'oIff, Huntingdon, and Crossley.'") 



No. of 

Mice 



mice 

surviving 

sumval 

Sulfanilamide . 

. . 100 

2 

2.0 

SulfapjTidine . 

. . 99 

6 

6.0 

Sulfathiarole . 

. . 100 

2 

2.0 

Sulfadiazine 

. . SG 

63 

73.6 

Controls 

. . 7S 

0 

0.0 


After tlie patient enters the chronic phase, therapy is conserva- 
tiA^e. Most patients do well and these lesions go on to complete 
healing, often witli fibrous scars. Patients witli chronic Imig abscess 
require a prolonged period of bed rest with serial chest films. The 
abscesses are non-putrid and do not contain anaerobes, which may 
explain the tendency to heal. If healing does not occur, the ques- 
tion of thoracotomy arises. None of the present series of patients 
undem-ent surgical interA-ention during the chronic phase. Two 
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patients (Cases 23 and 44) had thoracotomies with drainage of the 
acute Friedlander lung abscess. Both did well and went on to 
healing. The ideal management of the non-healing residual abscess 
cavity is not clear, as there have been too few cases. 

Follow-up observations on 10 patients now living, at varying 
intervals after their attacks of Friedlander pneumonia, reveal: 

Case 13. N.H., 3 months after onset of his pneumonia, still has residual 
infiltration, parenchymal destruction, and fibrosis but serial films have 
revealed progressive clearing. Sputum negative for acid-fast bacilli. 

Case 19. L.B., 10 months after onset of Friedlander pneumonia is feel- 
ing fine and has no complaints. Physical and roentgenographic examina- 
tions of the chest are negative. 

Case 23. E. M., 2| years later, still has persistent cough with about 
300 cc. mucopurulent sputum. Examination of chest reveals many coarse 
moist rales with bronchovesicular and bronchial breath sounds over the 
entire left lung, anteriorly and posteriorly. Bronchograins in May, 1942 
reveal bronchiectasis of left upper and lower lobes. Friedlander bacilli, 
type A, are still present in her sputum. This patient may have had previous 
bronchiectasis. 

Case 24. A. G., 2§ j'^ears later has a residual cavity, but feels fine. 
Sputum negative for acid-fast bacilli and Friedlander bacilli. No cough. 

Case 25. A. B., 1 year later feels fine and has no complaints. Physical 
examination of chest and chest roentgenogram are both negative. Throat 
culture revealed no Friedlander bacilli. 

Case 31. J. H., 3 months later has occasional cough without sputum. 
He has gained 10 pounds. Examination of chest and chest roentgenogram 
are both clear. Throat culture is negatwe for Friedlander bacilli. 

Case 36. J. McG. is in a hospital for chronic disease because of his 
hemiplegia. Friedlander bacilli were present in the sputum for 18 months 
after his acute pneumonia, but are now absent. 

Case 38. B. B., 2 years later feels well. Chest examination and chest 
film are negative. Urine culture still reveals Friedlander bacilli, type A. 
Throat swab is negative for Friedlander bacilli. 

Case 40. M. C., 3 years later has a chronic cough with occasional 
blood-streaking. Weight has been stationar 5 ^ Physical examination of 
the chest was negative. Chest film revealed thickened, fibrotic interlobar 
fissure between the right upper and middle lobes. Sputum is negative for 
Friedlander bacilli. 

Case 41. G. B., 2 years later has no complaints. Chest e.xamination 
and roentgenogram are negative. Sputum culture reveals no Friedlander 
bacilli. 

Summary and Conclusions. 1. Based on the present series of 51 
patients with Friedlander pneumonia, 88% of the cases were more 
than 40 years of age. The ratio of males to females was more than 
0 to 1, Almost 60% of all cases occurred in the 5-month period from 
November 1 to April 30. Occupation played no role. 

2, The apparent incidence of Friedlander pneumonia at Bellevue 
iiospital is 1.6% of all pneumonia. The actual incidence is probably 
Ingher. The incidence of carriers of B.friedlanderi is 1 % or less, based 
on recent surveys. Several carriers of B. friedliinderi have been found 

0 have bronchiectasis. Friedlander pneumonia is less infectious 
than pneumococcal pneumonia. 

3. The morphologic findings at necropsy of the acute Friedlander 
pneumonic lung have been described. 
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4. The incidence of fatty degeneration of the liver and porta! 
cirrhosis at necropsy may be higher in patients with Friedlander 
pneumonia than in the general population. Larger series of cases 
will be necessary to decide.this. 

5. All lobes were about equally involved with pneumonia. 
Bronchoscopies during the chronic phase usually revealed mucopiis 
coming from the bronchi of the affected lobes. 

6. The onset of Friedlander pneumonia is sudden with cough 
(91%), sputum (90%), cliest pain (82%), and chill (58%). The 
patient is usually acutely ill and dyspneic; often cjmnotic and febrile. 
First day temperature of 102.2° F. or above was present in 74% of 
patients. The admission sputum was described as “thick,” “bloody,” 
“gelatinous,” or "small hemoptj'sis.” 

7. Bacteremia is usuallj'^ slight quantitatively. Positive blood 
cultures were present in 45%. The mortality rate for bacteremic 
patients was 82%; for non-bacteremic patients, 23%. 

8. The roentgenogram of the chest usually revealed a dense, 
homogeneous shadow of consolidation. This was followed by death, 
or complete resolution within a short period, or pulmonary necrosis 
which usually went on to fibrosis and healing. 

9. Among the complications were meningitis, purulent peri- 
carditis, and small apical spontaneous pneumothorax, each occurring 
twice (4%). Pleural effusion was present in S patients (17%), tlie 
fluid being purulent in 3 of these. Pulmonary tuberculosis later 
developed in 3 patients (of 15 who entered the chronic phase). 
Serial chest films and repeated examination of sputa concentrates 
for acid-fast bacilli are most important. 

10. Diagnosis is simple if Friedlander pneumonia is borne in mind. 
Routine cultures of the sputum as well as the blood of all patients 
with pneumonia is indicated. 

11. The gross mortality rate of the present series is 51%. There 
is no significant variation of the mortality rate for tj^pes A and B. 
Of all deaths, 80% occurred within 5 days of hospitalization. 

12. Although some experimental data on mice favor sulfadiazine, 
a review of the protocols of the present series indicates that sulfa- 
pyridine may be tlie drug of choice in acute Friedlander pneumonia. 
However, at best, chemotherapy has proved to be only of ques- 
tionable value in most cases, and a final decision must be withheld 
at this time. In the chronic phase, the management is conservative 
and usually non-surgical, as most of these lesions will go to fibrosis 
and healing. 


Wc wish to express our gratitude to J. Bums Ambcrson, Jr., for helpful suggestions 
and criticism, and for aid in the preparation of this paper. 

Grateful acknowledgment is made to the directors of the First, Second, Third 
and Fourth Medical Divisions (Drs. I. Ogden Woodruff, .Ysa Lincoln, William S. 
Tillctt, and Charles H. Xammack). and the Tuberculosis Division (Dr. J. Burn.s 
Ambcrson) of Bellevue Hospital, and to the Physician in-chief (Dr, David P. Barr) 
and the Physician-in-charge of the Chest Clinic (Dr. Carl Muschenheim) of The 
New York Hospital for permission to utilize the charts of patients on their sen-ices. 
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INCroENCE OF BRONCHIAL ASTHMA IN THE WHITE 

AND NEGRO 

By Vincent J. Derbes, iNI.I). 

AND 

Hugo T. Engelhardt, M.l). 

new ORLEANS, L.A. 

(From the Department of Medicine, School of Medicine, Tulane University of 

Louisiana) 

Considerable confusion exists with regard to the relative racial 
nit'idcnce of various diseases although there is a slowly growing litera- 
ture on the subject. One of the earliest and most comprehensive 
luonographs is that of iNIatas® which consists of a general survey, 
surgical in nature, of disease incidence in whites and negroes. Since 
this time a number of articles dealing Avith some particular phase 
of the subject have appeared.-’®-® A rather thorough inquiry intb 
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the literature has failed to reveal any articles dealing with the inci- 
dence of asthma in the negro though ScheppegrelP emphasized that 
colored people were afflicted with hay fever about one-third as often 
as whites. Indeed it seems to be the general impression that negroes 
are relatively immime to allergic diseases. It is of passing interest 
that Hrdlicka/ who had extensive experience with American Indians 
stated that asthma is rare among Southwestern Indians and that 
no instance of severe asthma was encountered; Coca^ questioned 
physicians dealing with Indians whose replies suggested tliat while 
the allergic trait is not absent in the Indian race it is verj' much 
less marked in the Indian than the white. 

Using the data compiled from army experience in the World War I, 
Davenport and Love^ classified their cases into total admissions from 
bronchial asthma; ratio of admissions per thousand; length of hos- 
pital stay and mortality rate (see Table 1). Inasmuch as there were 
many fewer negro than white troops the total values are correspond- 
ingly smaller for the former; the relative values are higher however, 
in every respect. Thus in this selected group of so-called normal males 
of military age, there was more asthma in negroes than in whites and 
it was apparently of severer grade as concerned both morbidity and 
mortality. 


Ta.bi,e 1. — Incidence of Bronchial Asthma in Whites and Negroes 
(.Army Data From World War I) 

White Negro 



Total 

Ratio/1000 

Total 

Ratio/1000 

Admissions .... 

0,453 

1.79 

1,017 

3.55 

Days lost .... 

157,818 

.12 

20,118 

.19 

Discharges for disability 

2,433 

.08 

439 

1.53 

Deaths 

24 

.01 

10 

.03 


We have been impressed in dealing with large numbers of negro 
patients at Charity Hospital that bronchial asthma is certainly not 
rare in the negro. In order to determine whether this clinical impression 
was correct we turned to the data derived from cases seen at the Charity 
Hospital of New Orleans over a 5-year period from 1937 through 1942. 

Reference to Table 2 will show that in our series asthma is approxi- 
mately half again as common in the white as in the negro. 


Table 2. — Incidence of Bronchial Asthma in Whites and Negroes 
(Charity Hospital Cases From July 1, 1937 through June 30, 1942) 

White Negro 



Male 

Female 

Male 

Female 

Admissions by race and sex 

71,393 

79,647 

59,212 

85,272 

Number of cases 

49G 

509 

239 

324 

Ratio of admiss. per 1000 . 

C 95 

6.39 

4 04 

3.79 

Hospital stay (in days) . 

9.03 

8.34 

9.13 

8.26 

Deaths 

38 

10 

8 

8 

% deaths 

7.66 

1.96 

3.35 

2.47 


We were, however, impressed with the fact that the hospital stay 
was essentially the same in the two races. Our data are paralleled by 
the findings of .A-dams' who studied a large group of white and colored 
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workmen. He found that in the respiratory group of diseases the 
frequency for whites is greater, but that the duration per case is, how- 
ever, greater for the colored resulting in more time lost per individual 
by the colored than by the white. He noticed this racial difference in 
ail cases of respiratory diseases. Perhaps this discrepancy is to be 
explained by the findings of Smillie and Augustine^® who in a careful 
study of the vital capacity of the negro race observed that the vital 
capacity in both sexes and for all age groups studied is markedly lower 
than the vital capacity of the white race. When calculated from surface 
area, the difference is 15% to 20% in children and 25% to 35% in 
adults. 

Although it is a clinical impression that few people die of bronchial 
asthma; and indeed this is borne out by the army experience, there 
was a number of deaths recorded in our series. 

From the army experience, as well as our o\vn, it is concluded that 
bronchial asthma is a common disease among negroes. 
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BLOOD STUDIES IN THE AGED 
The Erythrocyte in the Aged Male and Female 
By Bernard Newman, B.S., Ch.E., 

AND 

SAIilUEL Gitlow, M.D. 

new YORK, N. Y. 

(From the Hospital and Home of the Daughters of Jacob) 

In a previous paper from this institution, it was shown that the 
ascorbic acid state of the aged individual was far from the ideal. In 
1030, Mettier, Minot, and Townsend^ showed that an ahemia resulted 
from a deficiency of vitamin C, These observers furtlier noted that 
when scorbutic patients showed an anemia, iron and liver therapy 
Jiroduced little or no effect on blood formation; but with an addition 
of vitamin C to the diet, marked response was obtained. In vieiv of 
tne.se findings, it was thouglit of interest to investigate the hematology 
01 the normal aged individual. It was considered of further interest 
to compare our findings with the “normal” values reported in the 
literature. 
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Experimental Procedure. The subjects used in this stud}^ comprised 50 
males and 50 females. Thej' were all ambulatorj", and were housed in the 
“Home” dhdsion of the institution.' They gave no clinical endence of disease, 
and be}'ond a slight degree of myofibrosis, were electrocardiographically nega- 
tive. No indimdual who gave either clinical or electrocardiographical eridence 
of coronarj’^ disease was used. The usual dietetic regimen was adhered to, and 
during the 4S-hour period preceding this stud}', they received no medications. 
The ages of the males ranged from 65 to 91 years, uith the average age being 
78.3 years, and the ages of the females were from 66 to 104 years, with the 
mean age at 77.2 years. 

Venous blood was mthdrawn from the fasting subject by means of a 20-gauge 
needle. As soon as the needle entered the vein, the tourniquet was removed, 
and a period of at least 2 minutes was allowed for restoration of nonnal con- 
ditions before removing the blood. Two cc. of blood was removed in each case. 

As an anticoagulant, a mixture of 4 parts of ammonium oxalate and 6 parts 
of potassium oxalate was used, since this mixture does not cause any shrinkage 
of the blood cells.*® 

Hemoglobin determinations were made in duplicate, using a Sahli type 
hemoglobinometer, with a 15-minute period being allowed after the addition 
of the blood to the hydrochloric acid, before reading the results. Weekly 
determinations, in duplicate, of the blood iron using the method of Wong"* 
were made, as a means of checking the hemoglobin.* 

Red blood cell counts were made in duplicate, using 2 different pipettes 
certified by the U. S. Bureau of Standards, on a certified Spencer “ Bright-line” 
hemoc}'tometer. Hayem’s solution was used as the diluting fluid. 

The volume of packed cells was determined by placing the well-niixed blood 
in a Sahli hemoglobinometer tube to the 100 mark, and centrifuging at high 
speed until the maximum packing of the cells took place.“ The volume of 
packing was then noted. The percentage relative to the “nonnal” was cal- 
culated by dmding this determined value by the “normal” value of the 
packed cells, in this case assumed to be at 48.0 cc. for the males,®® and 46.0 cc. 
for the females.®* 

The resistance of the red cells to hypotonic salt solutions was detennined as 
follows; Reagent grade sodium chloride was heated over a flame until all the 
adsorbed moisture was driven off. It was then kept in a desiccator over anhy- 
drous calcium chloride until needed. Exactly 1.0000 gm. was weighed out on 
an analytical balance, dissolved in distilled water, and made up to 100.0 ml. 
in a volumetric flask in a water-bath at 20° C. A series of dilutions of saline 
was next prepared, ranging from 0.5% to 0.2%, in steps of 0.02%. Two cc. 
of each dilution was placed into each of a set of test tubes properly labeled as 
to the salt concentration, and a drop of the blood to be tested added to each. 
At the same time, another set of tubes was prepared as premously, and a dro]) 
of blood from a young healthy adult was added to each. Both sets of tubes 
were welt shaken and set aside at room temperature for 2 hours, at the end of 
which time, the tube in which hemolysis began, and that in which hemolysis 
was complete was noted. (If the normal blood varied by more than 0.04% 
from the accepted nonnal figures of 0.44% for minimal resistance and 0.32% 
for complete hemolysis®® the test was repeated using fresh dilutions of saline.) 

Reticulocyte counts were done by maldng blood smears on slides that had 
been prepared in advance by haAdng a thin film of cresyl blue on them, and 
counterstaining with diluted Wright’s stain.’® A total of 500 red cells was 
counted and the percentage showing reticulum noted. 

* Where nonnal values for hemoglobin have been detemiined by the oxygcn.eom- 
bining capacity of the blood, an assumption is made, namely, that the oxygen-combining 
power of the blood is 1.34 cc., i. c., 1 gm. of hemoglobin will combine with 1.34 cc. of 
oxygen at standard conditions. However, this figure has never been determined with 
certainty, and the value, 1.34. is at best only an approximation.-' On the other hand, 
the iron content of the hemoglobin molecule is accurately known.' Hence, an analysis 
of the cells for the iron content gives an extremely accurate method of indirectly measur- 
ing the hemoglobin. 
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With the above technique, hemoglobin values were found ranging 
from 9.7 gm. per 100 cc, to 15 gm. per 100 cc. for the males, and from 
0.5 gm. per 100 cc. to 16 gm. per 100 cc. for the females. The mean 
hcmogloliin concentration for the male group was found to be 12.65 
gm. per 100 cc., while the mean value for the females was 11.7 gm. per 
100 cc. In computing the percentage hemoglobin, the value 14.5 gm. 
was used as representing 100% for both sexes.^® Table 1 shows the 
distribution of the hemoglobin values for the males, and Table 2 shows 
the corresponding values for the females. Table 3 presents the absolute 
and the percentage hemoglobin of the various age groups for both 
males and females. 

The results of red blood cell counts maj'' be found in Tables 1 and 2. 
Table 3 shows the mean erythrocyte counts for each age group for 
hot!) sexes, the values ranging from 3.30 millions per c.mm. to 5.09 
millions per c.mm. for the males, and from 3.2 millions to 5.21 millions 
l)er c.mm. for the females, the average male and female values being 
4.42 millions per c.mm. and 4.11 millions per c.mm., respectively. 

Volumes of packed cells were obtained ranging from 35 to 52.2 cc. 
per 100 cc. for males with an average volume of 41.2 cc., and for the 
females, 26 cc. to 52 cc. per 100 cc., with an average of 36.7 cc. These 
figures correspond to a percentage of 72.9 to 109 of the “normal,” 
with the average mean value being 85.8%, and from 54 to 113%, 
vith an average of 80% for males and females respectively. The 
results of these determinations may be found in Tables 1 and 2. The 
mean values for the various age groups are seen in Table 3. 

Tlie results of determinations of the fragility tests may be found in 
Tables 1 and 2 with the average for each age group in Table 3. The 
overall mean values for beginning and for complete hemolysis were com- 
puted to be 0,45% and 0.33%, respectively, for the males, and 0.42% 
and 0.35% for the females. 

The results of the reticulocyte counts are given in Tables 1 and 2, 
the average for each age group in Table 3. The mean value for the 
male group was calculated to be 0.53%, with values ranging from 
0.14% to 1.80%, while the mean values for the females was 0.64%, 
with values from 0.18% to 1.26%. 

Computed Constants. The following indices were computed from 
tlie experimentally determined values: The color index, volume index, 
and tlie saturation index. Computations were also made of the mean 
corj)uscular hemoglobin, mean corpuscular volume, and of the mean 
corpuscular hemoglobin concentration. 

Color Index. This well-known figure expresses the relati\'e amount 
"^l^oglobin in the erythrocyte as compared with “normal” blood. 
Ihe normal” values used were a hemoglobin concentration of 14.5 
gm. per 100 cc. and .a red cell count of 5,000,000 cells per c.mm. for 
file males, Avhile for the females we used a red cell count of 4,500,000 
%'lls per c.mm., Avith the same hemoglobin as “normal.” The color 
UK ices for the male group ranged from 0.92 to 1.05 with an average 
ue of 0.09, as is shown by Table 1. For the female group, the color 
uulex ranged from 0.82 to 1.01, the average value being 0.88 as is 
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cell count of 4,500,000. The volume index is equal to the percentage of 
packed cells (see above), divided by the ratio of the red cell count to 
the normal.” The computed male values ranged from 0.85 to 1.26 
with 1.02 as the mean value, and the female values from 0.66 to 1.20, 
with a mean value of 0.88. 

Saturation Index. This is an indication of the amount of hemo- 
globin per unit volume of erythrocyte relative to the “normal,” It is 
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being 29.6% and for the females, between 26.4% and 40.7%, with an 
average of 32,3%. 

All of the above mentioned values, may be found in Tables 1 and 2, 
with the average for each- age group in Table 3. 

Discussion. These experimentally determined and computed values, 
to the best of our knowledge, comprise the first study in a group of 
this type using the computation of all the hematologic constants. 

The findings presented in this paper may be' compared with values 
appearing in the literature for comparable groups, by referring to 
Table 4. In Table 4, we have outlined the results of investigations by 
several observers into the hemoglobin, erythrocyte counts, and hemato- 
crit readings of normal individuals past 60 years of age. 


TaBI.E ‘l. — CoMPAKISON OF ReSUI.TS OBTAINED BY DiFFEKENT InvESTIOATOKS 
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In reviewing the earlj^ literature, we were struck by the fact that no 
flilierentiation was made between the sexes when hematologic studies 
vere done on individuals past 60 years of age. Whether this is due to 
the small number of cases reported upon, and hence the necessity for 
grouping the males and the females for a statistically reliable number 
of cases, we do not know. It is known that young healthy females 
have normal values for hemoglobin, erj’-throcytes, and hematocrit 
readings that are lower than the corresponding values for males. 
Several theories have been advanced to account for tliis.®'®-^® But 
Viv'^ study the results of investigations into the hematologic sex 
t merenccs in the aged, none of these theories seem to explain these 
nUicrcnces satisfactorily. The theory of the loss of iron during men- 
struation docs not explain the lower liemoglobin of a group of 80-year 
okl women than that shown by a group of '80-year old men. The 
explanation that younger women lead a less active life than the men 
‘Bui hence need less hemoglobin to transport the oxygen necessary for 
keir metabolic processes may possibly be true; but both aged 'men 
'Bul aged women lead sedentary lives. Probably for females below 
w age of menopause, botii tliese factors are involved. In 


anv case, 
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these sex differences that are found in the aged may be a carry-over 
from younger days. That such a difference does in fact exist in the 
aged, may be seen from an inspection of Table 5, wherein we have 
presented the average findings of this study for both sexes together 
with the standard deviations and probable errors, in order to show 
that the ratio of the difference between the means to the square root 
of the sum of the squares of the probable errors is considerably greater 
than 6, which is the criterion for statistical significance. 


Table 5.— Compabison op Results for Males and Females 
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Mtf = Average male ratuc 
S.D,^ « Standard deviation for ma(c3 
as Probable error for males 
M9 as Average female >*^100 
S.D.9 s® Standard deviation for females 
P.B. 9 » Probable error for females 

/ \ , . 
The expression I ^7-v:r-r=:: ) b the cTilcrioD for statistical sJgniGcance It should be greater than 6 

\%/p.E=d' + P.K^9/ 

Perusal of Table 4 brings out several interesting facts. First, as 
the reports approach the present, the mean values for the various 
studies seem to become lower. This may be due to an improvement in 
method, or with the increase in food processing that has taken place 
of recent years, the iron intake may be actually lower than it has 
been. Second, the results of .studies made by Fowler ct ah,* Miller,'- 
and by us, seem to indicate that the physiologic “normals” for the 
aged, as reported in several textbooks as well as in the literature arc 
too high. Hence, in reporting the hemoglobin, in view of tiic con- 
troversy over what is “normal” for the aged, results should be stated 
in terms of grams per 100 cc., and when the various hematologic con- 
stants are calculated, the "hemoglobin coefficient” be used as 100%. 
The “hemoglobin coefficient” is the grams of hemoglobin per 100 cc. 
of blood calculated to an erjThrocyte count of 5,000,000 in the case 
of males, and to a count of 4,500,000 in the case of females. 

The number of red ceils in the blood of healtluv males is usually 
thought to average in the neighborhood of 6,000,000 cells per c.mnu 
The average number of red cells for young healthy females is around 
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smce the formation of new er}i:hrocytes is independent of the cir-. 
culating cells. 

No significance could be attached to the difference between tlie 
sexes as far as the values for the saturation index, the reticulocyte 
count, or the resistance of the erj-throcAdes to hypotonic saline. 

It should be stated at this point, that several of the experimental 
group presented findings that at first glance are open to diagnostic 
question; For example, Male Subject 11 showed a volume index of 
1.10, using the usually accepted normal values, and a slightly elevated 
mean corpuscular volume. This is suggestive of a pernicious anemia. 
However, since the subject shoAved no other signs or symptoms, and in 
A’ieAV of the color index, which was below 1 , the individual was treated 
as a normal. Similarly for Male Subject 31. Low values for the various 
indices, as for example Male Subject 10 Avith a volume index of 0.85, 
No. 35 with a Amlume index of 0.86, and No. 41 AA-ith a A'olume index 
of 0.87, were treated as low normals, in A’iew of the normality of the 
other findings, rather than secondary anemias. 

In a subsequent paper, we shall present our findings dealing Avith a 
study of the leukocytes of the normal aged individual. 

Conclusions. 1. Determinations were made of the hemoglobin, the 
erythrocyte count, the A'olume of packed cells, the reticulocyte count, 
and the resistance of the red cells to hj-potonic salt solutions in a 
group of 100 individuals past 65 years of age. 

2. The color index, volume index, saturation index, the mean cor- 
puscular A’-olume, the mean corpuscular hemoglobin, and the mean 
corpuscular hemoglobin concentration were computed. 

3. Comparisons were made with “normal” values reported by other 
observers. 

4. It was found that the physiologic “normals” should be modified 
AA'hen dealing with aged indii-iduals. 

5- There is a statistically significant difference betAveen the male 
and female A'alues as determined by us for hemoglobin, red cell count, 
hematocrit readings, volume index, mean corpuscular volume, mean 
corpuscular hemoglobin, and mean corpuscular hemoglobin concen- 
tration. 


The authors wish to acknowledge with thanks, the cooperation of Dr. Samuel Sciden- 
berg and Dr. Lisette Soudakofl. 
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A STUDY ON THE VALUE OP A MIXED BACTERIAL “ORAL COLD 

VACCINE” 

By Morris Siegel, M.D. 

Marian G. Randall, R.N. 

Muriel D. Hecicer, M.A. 

AND 

Mabel Reid, M.A. 

NEW YORK, N. Y. 

(From the Division of Infectious Diseases of The Public Health Research Institute of 
The City of New Y'ork, Inc., and the Henry Street Visiting Nurse 
Sendee of New York City) 

As is true of a number of virus diseases, the common cold acquires 
olinical and pathologic significance because of the secondary complica- 
tions arising from superimposed bacterial pathogens. Since prophy- 
iftctic immunization directed in this case towards the virus itself is 
not- at present attainable, attempts have been made to soh'e the 
problem by reducing the number or severity of the secondary com- 
plications by artificially increasing resistance to the potentially virulent 
oactcria of tlie upper respiratory tract. '\''accines of mixed bacteria 
acinunistcred by one route or another ha\'e been given e.xiierimental 
trials, but as yet the results reported have been of \'arying success.'"'® 
1 jic desire to protect its personnel against recurring colds induced the 
lilting Nurse Service of New York City to undertake a study of its 
on 11 on tile cfiectiveness of bacterial vaccines in preventing tlie more 
HMial rc.sj)iratory complications. The conditions seemed to be par- 
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ticularly favorable for a satisfactory test since daily reports could be 
made available on a group of cooperative individuals vhose work 
exposed them frequently and intimately to acute respiratory infections. 

Plan of Study. The Henrj' Street visiting Nurse Semce provides home 
nursing care for the sick. About 500,000 posits to approximately 100,000 cases 
are made each year. The personnel consists of about 300 nurses and 70* office 
workers distributed among 15 centers in Manhattan, The Bronx, and Queens, 
and an administration office in Manhattan. 

The study was limited to volunteers of the nursmg and office staffs. About 
70% of the persoimel volunteered. They were dirdded into 2 groups depending 
upon the number of colds experienced in the preceding year. Each group was 
further subdivided into those irith (a) chronic sinusitis, bronchitis, or otitis, 
(b) allergies and (c) no clinical manifestations— making 6 classifications in all. 
The names of those in each classification were sorted according to branch 
office. Within each office, the indmduals studied were arranged alphabetically 
by name and allocated alternately to control and test groups without their 
knowledge. 

For purposes of immunization a commercial product composed of mixed, 
heat-killed bacteria (i. e., about 25 billion pneumococci, 15 billion streptococci, 
5 billion H. influenzae, and 5 billion ilf. catarrhalis per dose) was prepared in 
the form of capsules to be taken orally. The control group, on the other hand, 
■was given capsules identical in appearance and containing the same ingredients 
xoithout bacteria.f Both t}T)es of capsules "were distributed in the same kind of 
container labeled mth identical directions for use and containing enough 
capsules for the entire test period. Single capsules were taken daily for the 
first 14 days, and twice weekly thereafter, as recommended by the producer 
and distributor of the product. 

Each day a report 'was made of the number of capsules taken, of any sjun})- 
toms of infection of the respirator}’ tract, and of any days off duty because of 
respiratorj' illness. The data were contained in the regular report of activities 
w'hich are recorded daily by the personnel. Punch cards and machine tabulators 
were used to collect and anal}’ze the data. 

The test period lasted from September 3, 1940 through March 30, 1941, a 
period of 210 days. It began 14 da3's after the first capsule was taken on 
August 19, and ended on March 30 for those completing the studj', or before 
March 30 for those who dropped out. A summaiy of the number of individuals 
in each group and of the number of person-periods of obsen’ation follows; 


Table 1 


Number of persons in study: 

Total 

Duration of observation: 

Entire period (210 days) . . . . 

Part of period (less than 210 days) 
Number of person-periods! of obsernition. 


Group 

Test 

Control 

'fotal 

125 

128 

253 

71 

76 

147 

54 

52 

100 

112 

111 

223 


The groups were almost equal in size and in duration of follow-up. They 
were comparable in regard to the number and duration of respirator}' infec- 
tions in the preceding year, and in the number of days off duty on account oi 
such illnesses. About 95% of the indhiduals were from 25 to 40 years of age. 


* This number includes members of departments seiadng both the Visiting Nurse 

Service and the Henrj’ Street Settlement. , ....i ihp 

t TVe wish to thank Eli Lilly & Co. for suppljnng both forms of capsules used m the 

study. 

! On the basis of 210 days per person. 



VALUE OF A MIXED BACTERIAL “ORAL COLD VACCINE ” 689 


Eesults. Each group had 239 colds during the test period in 1940-41 . 
A summary of the number of colds in 1940-41 among those with “few” 
(less than 3) or “many” (3 or more) colds during the same period of 


the preceding year follows; 

Table 

Total 

2 

Those with less than 
3 colds in year pre- 
ceding test period 

Those with 3 or more 
colds in year pre- 
ceding test period 

ISO. 01 coiQB Qunng 
test period 

Test 

Control 

Test 

Control 

Test 

Control 

(1940-41) 

group 

group 

group 

group 

group 

group 

0 

20 

16 

9 

9 

11 

7 

1 

29 

40 

14 

19 

15 

21 

2 

42 

40 

14 

20 

28 

20 

3 

17 

16 

8 

4 

9 

12 

4 

10 

10 

5 

2 

5 

8 

5 

7 

5 

3 

1 

4 

4 

6 

0 

1 

0 

0 

0 

1 


— 

— 

— 





— “ 

Total (persons) .... 

125 

128 

53 

55 

72 

73 

Person-periods of observa- 
tion 

112 

111 

50 

49 

62 

62 

Colds 

239 

239 

101 

84 

138 

155 

Colds per person-period 

2.1 

2.2 

2.0 

1.7 

2,2 

2,5 


Among those with 3 or more colds in the preceding year, fewer colds 
were reported during the test period by 54 (75%) of the inoculated 
and 48 (66%) of the controls. Among those with less than 3 colds the 
year before, more colds were reported during the period of observation 
by 16 (30%) of the inoculated and 7 (13%) of the controls. The num- 
ber of colds per person-period of observation during the test period 
was 2.1 for those receiving the vaccine and 2.2 for those taking the 
control capsules. It was slightly higher for the inoculated than the 
controls among those with less than 3 colds in the preceding year, and 
slightly lower for the inoculated than the controls among those with 
3 or more colds in the preceding year. 

The average duration of symptoms experienced by the group taking 
tile ^'accine was 10.5 days per cold, as compared with 9,7 days for the 
control group. On the whole, the duration of sjonptoms was longer 
than that reported in most other studies, partly because symptoms 
were recorded daily and partly because symptoms recurring within a 
period of less than 7 days were not attributed to a new cold but to the 
old one. 

The number of days of absence during the test period on account of 
respiratory illnesses varied from 0 to 43. The distribution of the 
inoculated and controls according to the number of days of absence 
IS shown in Table 3. 

About 33% of the persons in each group had no absences. An addi- 
tional 25% to 30% were absent from 1 to 2 days, and about 15% to 
-0% from 3 to 4 days. In all, 80% of the inoculated and 76% of the 
controls had from 0 to 4 absent days during the 7-month period of 
observation. About 13% in each group were absent from 5 to 7 days, 
iitid S% from S to 21 days. The distribution of inoculated and control 
pcr^ons according to the number of days absent was, therefore, fairly 
parallel over the range from 0 to 21 days which included all of the 

vm.. SO.'i, NO, May. 23 
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inoculated and 98% of the controls. Three controls, comprising 2% 
of the group, were absent 25, 40, and 43 days, respectii-elv, a total of 
108 days. They increased by 30% the number of absentdays in the 
control group, and raised the arithmetic average for the ^oup to 
4.2 days per person-period of observation as compared with 3.1 for 
the inoculated. On the other hand, the median values for the groups 
were 2.0 and 2.2 absent days respectively, for inoculated and control 
individuals. 

Table 3 


Test group Control group 


No. of days abspiit dining 
test period 

No. 

% 

distribution 

No. 

1 ^0 
di,tnbiilion 

0 

42 

33. G 

42 

32 S 

1-2 

40 

32 0 

31 

24 2 

3^ 

IS 

14 4 

24 

is S 

S-7 

15 

12 0 

17 

13 3 

S-14 

7 

5 G 

S 

G 3 

15-21 

3 

2 4 

3 

2 3 

22-43 

0 

0 0 

3 

2 3 

Total (persons) .... 

125 

100 0 

12S 

inn 0 

Person-periods of observation 

112 


111 


Days absent; 

(a) Total 

342 


4G2 


(b) .Average 

3 1 


4 2 


(e) Median 

2 0 


2 2 



About 40% of the illnesses in each group appeared to he uncom- 
plicated head colds and about 60% were somewhat more severe or 
associated with complications. A summary of the latter cases in each 
group follows; 

Table 4 


Nature of illness 

Total 

Test group 

Control group 

Bronchitis . 

. . SO 

41 

45 

Grippe or infltienza 

. 55 

2G 

29 

Otitis 

11 

7 

4 

Pneumonia 

3 

2 

1 

Tonsillitis 

110 

5G 

54 

Total cases 

265 

1.32 

133 


The cases which had complications or were considered more severe 
than a head cold were fairly evenly distributed between the two groups. 

During the period of observation, a few persons in the control anti 
inoculated groups volunteered the opinion that they were being helpcfl 
by the capsules taken. Unfortunately, a survey on this point was not 
made at the end of the study before the names in each group had been 
announced. 

Comment. The evidence outlined in this report indicates that the 
oral administration of a commercially prepared vaccine of mixed 
killed bacteria as described above failed; (1) to decrease the incidence 
of acute respiratory infections, (2) to reduce the severity or duration 
of sucli infections, and (3) to prevent secondary bacterial complica- 
tions. A group of individuals observed for purposes of control ran 
remarkably similarly to those receiving vaccines. Thus. i)oth control 
and inoculated groups had exactly the same number of colds, ami there 



691 


VALUE OF A MIXED BACTERIAL “OEAL COLD VACCINE” 


was no significant difference between the groups in the duration^ of 
symptoms and in the number and variety of complications follo\ying 
tile colds. These observations strengthen those already made by various 
investigators^ that contrary to fairly widespread medical and lay 
opinion so-called “ cold vaccines” are of questionable value as a prophy- 
lactic measure both against the common cold and its bacterial com- 
plications. 

Since the method of immunization was -per os, it may be that anti- 
body formation ma}'^ not have been adequate; or it maj'^ be as Walsh^®-^'* 
postulatesj that the immunity stimulated in such cases must be local 
{i. e., stimulated by application of the vaccine topically to the mem- 
branes of the upper air passages). However, the latter assumption is 
based on inconclusive data, and if true then it must be assumed that 
immunity to bacteria of the respiratory tract belongs to a special 
category, since general methods of administration of ^mccines such as 
subcutaneous, intramuscular, intraperitoneal, and intravenous have 
been successful in inducing prophylactic immunization in a variety of 
infections. 

On reflection, it is difficult to see why a bacterial Amccine composed 
of a few arbitrarily selected organisms, administered by any route, 
can be effective against the greater bulk to which the respiratory tract 
is exposed. The specific effects of such vaccines are limited to the 
relatively few bacterial types of the species emploj^ed since no con- 
sideration is made of the multiplicity of types of streptococci, pneumo- 
cocci, and other pathogenic microorganisms. Furthermore, the non- 
specific effects of the vaccine are of questionable value and, therefore, 
not dependable. Howe^'er, in the face of continued recommendations 
based on jiersonal experiences from both physicians- and lay^ 
I’coiile, it became necessary to derive definite information from a con- 
trolled study. As reported above, this has ended with the contrariwise 
opinion of the ineffectiveness of “oral cold vaccines.” 

Conclusions. The oral administration of a heat-killed vaccine con- 
taining several species of potentially pathogenic bacteria of the upper 
respiratory tract appeared to have no influence eitlier on the incidence 
or severity of the common cold. Similarly, no effect was observed as 
a rcsidt oi this treatment on the secondary complications frequently 
associated witli the common cold. A group of control individuals 
receiving similar preparations without bacteria paralleled closely in 
almost every way the infections observed in the individuals receiving 
die vnccinc. 
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HEMOTHOBAX IN BLOOD DySCRASIAS 

By Paul Freedman, M.D. 
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Samuel Levine, M.D. 

AND 

Leon Solis-Cohen, M.D. 

PHILADBLKHU, PA. 


(From the Department of Radiology of the Jewish Hospital) 

Though the blood d3'scrasias associated with abnormal tendenc.v 
toward bleeding, such as the purpuras, scurv.v, and hemophilia are 
usually mentioned as possible causes of non-traumatic hemothorax, 
actual case references in the literature are rare. 

Prior to 1900, there were two such references: Kempf,- who described 
hemothorax complicating a case of scurvy; Pitt,®’'* who, in reviewing 
65 cases of hemothorax, mentioned 1 associated with purpura. 

Since 1900 there appear to have been no such cases described.* 
Consequently, it was deemed advisable to report 2 cases of hemothorax 
which were admitted to the Jewish Hospital in a period of 2 months. 
Both occurred in males, 1 due to hemophilia, and 1 to thrombocj'topenic 
purpura. 

It is to be noted, of course, that a distinction is to be made between 
true blood in the pleural cavity and a pleural effusion, which is blood 
stained or hemorrhagic. The latter is not uncommon and is frequently 
seen accompanying malignant and Ij-mphoblastomatous disease of the 
intrathoracic structures. The former, however, in the pure form, on a 
non-traumatic basis, is uncommon. 


Case Studies. Case 1. L. S., a 22 j-ear old white male was admitted (o 
the JeMsh Hospital in February 5, 1936, complaining of intense anterior left 
chest pain of about 36 hours duration. The pain was spontaneous in onset, 
accentuated by motion and respiration, associated vith marked pallor, and 
followed by the passage of two tar-colored stools. Past historj' revealed tiiat 
in 1928, at the age of 14, he bled continuously for about 4 weeks after a ton.sil- 
lectomy. In 1933, following a tooth extraction he again bled profusely, and 
at the time it was discovered that he was a hemophiliac. Family histoiy 
indicated that there was a strong background of hemophilia on the maternal 
side, the paternal relatives were free of the disease (Fig. 1). 

On admission he appeared exsanguinated, slightly cyanotic, and restics.'-. 
The pulse rate was SO, respirator^" rate 26, temperature was 97®, and the Wood 
nressure was SO/20. There were signs of fluid in the left chest. Right che-M 
was clear, and heart was displaced to the right. He was transfused several 
times. Two days after admission, 4.50 cc. of blood, fluid in character, vas 
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obtained from the left pleural cavity. The next day 500 cc. was removed and 
a day later 400 cc. was removed. During this period, he received numerous 
small transfusions. Following this, the patient gradually improved, his res- 
piratoiy distress disappeared and his bleeding ceased. He was discharged 
about 30 days after admission, much improved. 


Bleeding Clotting 

time time 

Feb. 6 51 min. min. 

Feb. 7 41 min. Strain. 

Feb. ID 41 min. 5 min. 

Other laboratorj’’ data were nou-contribulory, 

N.B. —Unusual values in hemophilia. 


Fig. 1. — Family tree of Case 1 
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lioentgen Examimiion of Chest (Fig. 2) (Februarj’^ 6). There is a homogene- 
ous density extending from left apex to base. The diaphragmatic shadow is 
obliterated. The heart and trachea are displaced to the right. The rib shadows 
are not obscured. 

Conclusions. Complete left hemothoracic effusion, probably blood. 

February 28; Considerable absorption of pleural effusion. Heart and trachea 
now in normal position. Densitj”- along left upper lateral chest wall probably 
due to residual encysted effusion (Fig. 3). 

Case 2. A. G., a 26 year old white male was admitted to the Jewish Hos- 
iutal on April 3, complaining of epistaxis of 2 ffajm duration, spontaneous in 
onset. He had had similar but milder episodes in the previous 12 years, and 
had always demonstrated a bleeding tendeneje There was no relevant familial 
nustory, nor any history of drug intake. On physical examination numerous 
cccliyinotic areas of various ages were present over both aims and legs, and 
bleeding from the nose had ceased. Heart and lungs were natural. Liver was 
I ^ below costal margin, the spleen was just barely palpable and was 
tender in percussion. Except for a moderate hypochromic anemia, a leuko- 
penia, laboratory studies revealed a thrombopenia. On successive daj'-s, plate- 
et count was 2200, 2300, 2750 and 2500/mm3. Coagulation time was 31 
ninntes, j hour -f . He was given daily intramuscular injections of thrombo- 
’ ast, in daily intravenous doses of calcium gluconate and repeated blood 
_ buisfusions.* One dose of Roentgen ray over splenic area was given (186 Kvp, 
Cu 2 Al, 50 cm., 80 R"). He was discharged improved on April 26, 
‘ ''4b, with a platelet count of 1 1 ,000. 

Ill' readmitted on Alay 6, suffering from blood loss. During the interval 
bad received splenic irradiation. However, on Alay 3, he began to have 

' "ine of this .md .•Juli.-^cquciU therapy Iws been subsoqueiitly shown to be empiric. 
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tari^’ stools, and subsequent!}’ became progressively weaker. On admission, 
he gave e%’idence of chronic exsangnination, rales and dullness were present at 



Fit!. 2. — Note tile massive left pleural hemothorax producing marked cardiac and 
mediastinal displacement to the right. 



Fto. 3. — There is partial absorption of the hemotborai which is now loculalcd. 


both pulmonic bases, the abdomen w.as .^lightly di.stcndwi and the spleen 
barelv paipabie. .4gain there was a marked htTiochromic anemia 
4 3 gm.) and leukopenia (white blood count %va.s950); jilntclct count was o-A). 
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Treatment was similar to that on the previous admission including thrombo- 
biastin, direct blood transfusions, cevitamic acid, moccasin snake venom as 

well as liver extract. r a 

On May 11, 5 days after admission, there were clinical evidences of nuia 
in the left chest. On May 18, there was evidence of displacement of the medi- 
astinum to the right and respiratory embarrassment appeared. On that date, 
by thoracentesis 450 cc. of bloody fluid was obtained, and on May 21, 150 cc. 
of similar fluid was removed. Shortly afterward patient’s temperature began 
to fluctuate in a septic fashion. Apparently unrelated to transfusions he began 
to have chills, abdomen became distended and blood was noted in the stools. 
On May 25, incision and drainage of left chest jdelded greenish yellow pus. 
Culture subsequently revealed presence of S. aureus, and patient was given 
bacteriophage in addition to other measures. However, his septic course con- 
tinued, though blood cultures were always negative, and on June 10 he died. 
Postmortem revealed intestinal mucous membrane hemorrhages, perforated 
left diaphragm, left sanguinopurulent empyema, neciosis of left lower lobe of 
lung. No bone marrow studies were done. 



I in. 4.~-Ma8sive left pleural effusion with considerable cardiac displacement to the right. 


Roentgen Examination of Chest (Fig. 4). Almost complete uniform density 
Horn apex to base of left hemothorax. Heart is displaced to the right. 

Loiicfusions. Pleural effusion, probably blood. 

Discussion. IVo cases of hemothorax occurring in males of the 
tlurd decade with an abnormal bleeding tendency are presented. In 
licitjier was it a primary manifestation of the disease. In the hemo- 
phmac it was acute in clinical onset, while in the purpuric it was more 
insidious. As is indicated by the course in the former it is not neces- 
wrily fatal. The extreme danger of infection which may be introduced 
roiiMvithout is emphasized by the outcome in the latter. Therapy, as 
» an cases of hemothorax is somewhat controversial. Certainly if the 
oiiM't IS with shock, that should be treated first. As the bleeding 
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undoubtedly is diffuse and not focal in origin there is probablj ne\er 
an indication for thoracotomy and vessel ligation. 

Aspiration is usually indicated after about 48 hours, as blood left 
in the pleural cavity may form fibrin clots, the latter requiring thora- 
cotomy. The entire collection should be remo\ ed in one or two aspira- 
tions as the fewer the punctures the less danger there is of infection. 

Replacement pneumothorax is probably of some \alue in certain 
cases to prevent a sudden change in intrapleural pressure. It is ques- 
tionable if it is of any value in controlling bleeding, while it probab!\ 
does increase the tendency toward pleural adhesions and its serious 
consequences. 
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TREATMENT OF THE HYPERTENSIVE PATIENT 
IN THE PRE-CARDIAC STAGE 

By Xa,th\n FLA.XAUN, i\I.D. 

CIIMC^r. ^SsOCUTE IN MEDICINE, lOIOt-l. UNnERSITI MEDICO CC/tOOL, tWlCHTl, 

\TTENDINl, PHIMCMN, COOK COUNTV HOspITVI (SEIlVICr OP DR. HVRRV J NVVC') 

CHICVGO, 11 I INOIn 

At the present time there is onl.\ one treatment in the pre-cardiac 
stage of e.sbential hypertension, and that is a rational medical manage- 
ment. How such treatment is eftected and what constitutes a scnsiiile 
management is an extremely debatable topic. One has only to review 
the literature on hv pertension in the past two decades to find the 
truth of this statement. 

iNh own'Aiews, tempered by the intensire experience of 10 vearN, 
are stroiigl.v conserv ati\ e. (’areful consideration needs to he gi\e)i 
the hypertensive patient and his s.Muptoms; he may require treatment 
for his ‘‘way of life’’ and for the allexiation of complications, such as 
obesity, nerAousness and so on, rather than to reduce ele\ated lilood 
pressure I feel that nothing should be used w hen it makes the hyper- 
tensi\ e patient more uncomfortable, such as the restriction of proteins 
or salt in his diet; that any drugs useil should not luu c toxic manifesta- 
tions, such as the sulfoc\anates inav produce; and tliat nothing should 
he emploAed Avhich is tiine-consnming or cxpensiAe, siicli as so-t-allcd 
specific surgery. The lnpe^te^si^c patient AAill sacrifice a great dc.d 
to obtain the therap.A while imbued with hope for permanent relief, 
which does not exist at the present time. Kssential h.A-pertension is 
not an entirely liopeless disease, and the Inpcrtcnshe patient simuld 
not and need not he unjustly inflicted Avith a constant fear for his life. 

Principles of Treatment. Plx-perienced practitioners have long recog- 
ni/ed that drugs can reduce hiood pressure, but onh for sliort period' 
(Bishop®); that patients with high blood pressure miglit get better or 
wors-e according to wliat the\ were tolei of the figures, ami that too 
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frequent blood pressure estimations might depress the patient 
(Potter®); and that headaches and dizziness, supposed to be due to 
iiigh blood pressure, may disappear with laxatives and diet and no 
change in blood pressure (Nicholson®0. 

From such writings the few well-established principles in the treat- 
ment of the hypertensive patient have developed: (1) the effects of 
drugs on the elWated blood pressure are transitory ; (2) attention should 
he focused away from the blood pressure; and (3) the symptoms may 
be relieved by simple means without any change in the blood pressure. 

A rational management may accomplish a great deal. In a small 
number of hypertensive patients the blood pressure may return to 
normal, and the symptoms disappear, permanently or for a prolonged 
period of time. Such remissions often recur spontaneously when the 
individual leads a well regulated life. In a someAvhat larger number 
tliere is subjective improvement with some lowering of the blood 
l)ressure, although not to a normal level. In the largest group of 
hypertensive patients the blood pressure is not lowered much, if at 
all, but the symptoms are relieved and the patients are comfortable.'’^" 
Protein, Salt, and Fluid Consvnqiiion. Ilypertensive patients arc 
still seen who have been admsed at one time or another not to eat 
red meat, or to use salt on their food, and to limit markedly the amount 
of fluids consumed daily. A few patients enjoy such a r%ime, for a 
while, as it gives them something that is different and temporarily 
adds interest to their presence among friends. The majority tires of 
the re.strictions but are afraid to alter their diet unless assurance is 
given that such substances as red meat, salt, and fluids, in ordinary 
dietary amounts, have no effect on the labile blood pressure. One 
may safely give such assent to the hypertensive patient in the pre- 
cardiac stage, for it is definite that no relation exists between the use 
of protein," salt,--" ’* '’ -® *- normal fluid intake,® and the elevation of 
the blood pressure. Robert,®’^ who advocated the salt-free diet, cau- 
tioned that a rigid diet of this type, if protracted too long, may cause 
uremia. 

Medicinals. A simple list of all the drugs employed in the treatment 
of essential hypertension is not only lengthy but confusing. A valuable 
contribution, which clarified the problem, was made by Ayman.®" lie 
showed that the symptoms associated with uncomplicated essential 
hypertension may be frequently relieved by the suggestion inherent in 
any seriously and enthusiastically prescril)ed drug or method of 
therapy. 

iiidfoq/anaics. Sulfocyanates (thiocyanate) are probably the most 
widely advocated drugs for the treatment of hypertension. They’® ® 
Were found to reduce the elex'ated blood pressure, and for a few years 
"ere used extensively. When untoward symptoms, ® such as marked 
weakness and angina pectoris, distressing side reactions, toxic mani- 
lestations, and death, occurred from its incautious use, the drug was 
'. ''’TPed by many.-’ Nobody should use it except in carefully se- 
leetal occasional cases, and with the proper care to avoid harmful 
reactions. Sedatives, such as phenobarbital, relieve the symptoms 
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better than the siiifocyanates;*' but the latter causes a drop in blood 
pressure which is neither permanent nor necessarily desirable. 

When Barker^- introduced the method of controlling the dosage by 
the blood concentration, the use of the drug was revived. Barker and 
his co-workers-*= have done good service by emphasizing the toxicity 
of the thiocyanates. They hope that their method of blood cyanate 
determinations will serve as a warning of the dangerous possibilities 
as well as a useful guide. Without such determinations they feel that 
the drug should not be used. 

However, Garvin-^ presented a case with fatal toxic manifestations 
which is significant in that the untoward symptoms occurred while 
the blood cyanates were at a supposedly non-toxic level. Russell and 
Stahl*® reported a case in a Inpertensii’e patient who had receii'ed 
only a total of 5.6 gm. of potassium thiocyanate over a period of 14 
days. Robinson and O’Hare*® treated 75 ambulatory liypertensives 
with potassium sulfocyanate and followed them closely by blood 
cyanate studies; toxic symptoms occurred in 29 (38%). In 23 of the 
29 these consisted of nausea, weakness, dermatitis, purpura, and a 
decrease in libido. Serious complications consisting of dermatitis 
exfoliativa, congestive heart failure, cerebral thrombosis, angina 
pectoris, and psychoses occurred in 6 cases. In spite of such a large 
number of toxic manifestations, they concluded that this form of 
treatment in uncomplicated vascular hypertension in patients under 
60 years of age, when carefully controlled, has decided value. Satis- 
factory results have been reported by Barker and his co-workers,*® 
Blaney and his collaborators,*® Cannady and Allen,’® Caviness and his 
associates,’* and Kurtz ei al.-^ 

I myself have not used thiocyanate therapy to date in any iiyper- 
tensive patient. My reasons are simple. When I began work in the 
out-patient dispensary of the Mt. Sinai Hospital, my colleague in the 
next room (Dr. Henry Siegel), Avho had preceded me there by 2 years, 
was employing the thiocyanates for such patients. Therefore, I decided 
to use only sedatives and to treat the }n-pertensi\'c patient symp- 
tomatically, P'or the next 3 years, until lie left the dispensary, wc 
continued our separate therapies. On days that he was aiiscnt I saw 
his hypertensives, and r/cc rcr.w. The only difference noted between 
the two groups was that mine were more comfortable, altiunigh hi'' 
patients had a more pronounced lowering of blood prc.ssurc. True, 
the blood cyanate method was not used, but the length of time the 
patients were kept on the drug seemed sufficient to determine its \'ahic. 
The personal element could be excluded because of the .same placid 
disposition in both, and we had plenty of time. After he left. I “inher- 
ited" his hypertensive patients, and thereafter followed all of them. 

As I could still see no real value to the thiocyanates, I do not U'^c tiicm 
in the treatment of the hypertensive patients.^ 

Other Drugs. Liver e.xtract''’-®* was tried in the treatment of Mjch 
cases, and discarded. I mention it only beeausc an attempt L being 
made today to revi\-e its use in hypertensives. Among the many other 
drugs wJiich have been introduced, rapidly disrarded, and rcintro- 
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duced one or more times, are curcurbocitrin (watermelon seed), ’2" 
calcium lactate, magnesium sulphate by parenteral administration,'*^ 
pancreatic extract, '*'* bismuth subnitrate,®"'*^-'*^ the nitrites,'’^* iodides,^® 
xanthine and choline derivatives,^® hormones,®'^ and garlic-parsley 
extracts. None of these drugs have any effect whatsoever on the relief 
of symptoms in the hypertensive patient other than that obtained by 
the temporarj'^ enthusiasm of the administrator. 

Vitamin A. The last of the drugs introduced,^ although it is listed 
as a food and may be sold in grocery stores, is vitamin A.®® To date 
not another reliable report on its use in hypertension has appeared ; 
its value for this purpose remains to be demonstrated.® 

Experimental Work. The last type of therapy suggested, not 
available, is tlie use of parenteral extract of the whole normal kidney.®®" 
Because of the occasional shock-like reactions and the lack of standard 
chemical procedures to yield a uniform product of high potency, it 
cannot at present be regarded as a practical treatment.®®® In an exten- 
sive report Goldblatt, Kahn and Lewis®® stated that they tried on dogs 
witli experimental renal h.ypertension a long list of substances which 
were used or are still being used in the treatment of human hyperten- 
sion; and found that there was no significant effect on the blood 
pressure. Their results with renal extracts of other investigators, as 
well as with similar extracts of their own preparation, showed either 
no effect or at the most inconsistent and not very striking lowering of 
blood pressure in dogs with experimental renal hypertension. 

Rational Therapy. How then, if all drugs mentioned ha\fe proven 
of no particular value, shall a hypertensive patient in the pre-cardiac 
stage be treated. By simply giving him a quiet, non-critical, sympa- 
thetic audience, the symptoms can at least be relieved.®® It seems best 
not to make any reference to the degree of hypertension, its potential 
dangers, or its complications. The effect is not one of suggestion; for 
such patients encouragement about the reduction of the blood pressure 
IS not necessarily good therapy. Many patients need only a good 
friend with whom they can discuss their troubles. Such difficulties 
may .seem trivial, but are of importance to the patient. A little time, 
not much, and an unhurried physical examination each visit, with a 
critical eye on the size of the heart especially, are more assuring to 
a hyiiertensive than a non-effectiA’^e drug. 

The only non-toxic drugs, compared with the thiocyanates, used 
and advised for these patients are mild sedatives, such as phenobarbital 
and Its derivatives in many forms, and a mild laxative such as cascara 
or rhubarb. By constant obser\-ation of many hypertensives I have 
found nothing as yet which indicates that such an extremely con- 
scr\'ative type of optimistic therapy should be altered in the pre- 
cardiac stage. A sensible hypertensive patient can delay the appearance 
of the symptoms and signs of heart failure many years with the help 
of a good friend, his doctor. Symptomatic relief can be gi^'en to hyper- 
tcnsive,s by understanding them and treating them as individuals, 
rather than just as “cases” of hypertension to be treated bv drug.s 
" Inch prove of little benefit."*® 
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Credo and Conclusions. When the impreventable and unpredictable 
episodes of congestive iieart failure, cerebral hemorrhage, coronary 
thrombosis, or uremia, occur in our hypertensive patients, we ca'n 
only do our best, u’hich inay not be good enougli at times. ’iVith proper 
understanding of the individual, we are getting hypertensi\-e patients, 
except the uremics, back to health far more often than ever before, 
and with rational care they can and do live out their normal span of 
life despite the essential hj^iertension. 
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Experimentally produced renal ischemia causes a hypertension in 
dogs and monkeys, which does not persist unless both main renal 
arteries are constricted. Since the original experimental work,® case 
reports of so-called “Human Goldblatt Dogs” have been published 
by Leiter,^ Stewart,® Freeman and Hartley,^ Blatt and Page,® Saphir 
and Ballinger,® and others. 

In an attempt to compare the experimental results with hypertension 
ill the human, Blackman^ examined the renal arteries of 60 hyper- 
tensive and 50 non-hypertensive individuals. He cut through the point 
of greatest narrowing after fixation, mounted and stained the sections 
and then measured the caliber. He found by this method that 86% 
of the hypertensive cases showed localized narrowing of the arteries 
varying from moderate to severe in degree of obstruction. Only 10% 
of the non-hypertensive cases showed partial obstruction. He con- 
cluded that the arteriosclerotic changes in the main renal arteries 
caused sufficient obstruction to induce chronic hypertension by the 
same mechanism as Goldblatt and others have shown to occur in 
animals. Blackman’s findings have been accepted as explaining hyper- 
tension in liuraans with renal artery occlusion. 

The present communication is a report of the condition of the main 
renal arteries in 100 consecutive cases coming to autopsy at this hos- 
pital in which blood pressure readings were obtained. No consistent 
correlation could be demonstrated between the condition or caliber 
of the main renal arteries and the presence or absence of hypertension. 

The renal arteries attached to the segment of the aorta from which 
they arose were dissected free throughout their entire length and 
careful measurements of the arteries and all aberrant branches includ- 
iiig the mouths were obtained with graduated sounds. Cross-sections 
of the vessels were made at the narrowest point. IMiere no perceptible 
narrowing existed, sections were taken 1 cm. from the mouth. The 
tissues were fixed in formalin, cut and stained with hematoxylin and 
cosin and an elastic tissue stain. Tlie size of the arteries measured 
ucTOrding to Blackman’s method was compared with the size of the 
unfixed specimen obtained at the autopsy table. The kidne;f's were 
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studied histologically for the presence or absence of vascular changes 
compatible -^dth hypertension. The hearts were examined histologicallv 
for the presence or absence of myocardial hypertrophy. 

Among the 100 cases, 56 were hypertensive (31 men, 25 women), 
and 44 were non-hypertensive (27 men, 17 women). In the entire 
group there were 58 males and 42 females. The whites numbered SO, 
the negroes 14, approximately the ^elati^•e ratio of admission of the 
two races to the liospital during the period in which this study was 
carried out. In the hypertensive group, 87.5% were white and i2.5% 
were black. The ages ranged from 17 to 87 years, the average was 
60.3 years. The average age of the hypertensive group was 03.5 years 
and of the non-hypertensive 55.6 yeans. Of tiie 56 hypertensives, -17 
were over 50 years of age. 

No constant relation could be found between the size of normal 
non-sclerotic vessels as measured in the unfi.\'ed state and the size as 
found in the fixed stained specimen, hlany which had a good caliber 
when examined at the autopsy table had a degree of contraction which 
would have justified their inclusion among tho.se u'ith a dimini.shed 
caliber. Moreover the results were not uniform, so no accurate formula 
could be used. Because of these results, only the measurement.^ 
obtained in the unfixed specimens were used for analysis. 

Non-sclerotic ^’essels were regarded as norma). Among the hyper- 
tensive cases, 40% of the vessels were of this character. Among tlie 
non-hypertensive cases, the incidence was greater, 56.8%. Tlic n^•eragp 
diameter of the normal vessels was 4.1 mm. There was no significant 
difference in those of either group. With hypertension it was 4.1 mm.; 
with normal tension, 4 mm. 

The average diameter of the ve.ssels in all the cases of hypertension 
was 4 mm., practicalh' the same as was found among the normal 
sels in the group. There were only 2 instances of extreme stenosis of 
the renal arteries from sclerotic deposits simulating the (loldblatt dog. 
In the non-hypertensive cases, the average diameter of the entire 
group was also the same as in the non-sclerotic \’e.sse)s, 4.1 mm. 
Although these vessels were slightly wider than among the hyperten- 
sion group, there was no difference when the measurements were 
corrected for the age factor, ^’cry little correlation between the amount 
of sclerosis and the degree of constriction of the lumen could be demon- 
strated. Linear sclerotic plaques caused practically no narrowing. 
In many instances the severely sclerotic vessels had lumens wider 
than normal. Although estimations of tiie cholesterol content of the 
vessels were not carriefl out, as was done by Bruger and fhassin,’ onr 
data suggest that the amount of cholesterol flepositcd in the vc-sel 
wail does not necessarily bear any relationship to its caliber. 

The condition of the renal arterioles proved a more rclialdc pdde 
to the level of the blood pres.snre reading than the caliber or condition 
of the extrinsic renal arterie.s. Goldblatt* I)clicvcd from hi.s e.Kperi- 
mental work that renal ischemia from ohstruction of the renal artery 
and its associateii hemodynamic relationships produced hypertension, 
bn the other hand. Page'’' suggcstcfl that the lowering of pidse j)re>snre 
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within the kidney itself was of more importance than a gross reduction 
of blood flow. The data obtained from the present study would tend 
to suppose the latter theor3^ 

Summary and Conclusions. The caliber of the renal arteries was 
studied in 100 consecutive cases in which blood pressure readings were 
obtained. Hypertension was present in 56, normal pressures were 
found in 44. Marked variations were found in the caliber of non- 
sclerotic vessels when measured in the fresh state and in the fixed 
stained preparation, therefore, only the figures obtained in the fresh 
state were used for analysis. The differences of caliber between sclerotic 
\-essels of the hypertensive and non-hypertensive cases were insig- 
nificant. Only two instances were found simulating the Goldblatt 
kidnej". The degree of cholesterol deposit bore no relationship to the 
caliber. The degree and extent of arteriolar sclerosis estimated from 
the histologic examination of the kidneys proved a better index of 
tlie blood pressure readings than the caliber of the main renal arteries. 
The data lend more support to the theory advanced by Page than that 
of Goldblatt for the development of hypertension. 
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THE SUBCUTANEOUS ADMINISTRATION OF SODIUM SULFA- 
THIAZOLE IN VARIOUS CLINICAL CONDITIONS* 

By j, j. a. Lyons, M.D. 

1). U, Climenko, M.D., Ph.D, 

AND 

L. ^Y. Gorh.\m, M.D. 

ALBANl', N. y. 

(I'rom the Departments of Medicine and Biochcmistrj’, Albany Medical College) 

The clinical efficacy of sulfatliiazole in the treatment of certain 
mfectious diseases is established beyond any doubt. The underlying 
prinefple of treatment with this drug, as with the other sulfonamides, 
IS the establishment and the maintenance of an adequate concentra- 
tion of the drug in the blood and the tissue fluids to control the rate of 
reproduction of the infecting organism. Ordinarily the oral administra- 
tion of the drug is sufficient to attain and maintain such therapeutic 
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blood levels. In certain acute, well-established infectious processes it 
is an accepted clinical practice to afiain the therapeutic level rapidly 
by administering the drug intravenously, and to mahitain this level 
by subsequent oral medication. 

Occasions arise when the oral administration of the drug constitutes 
a serious practical difficulty in the clinical management of the patient, 
or becomes an actual impossibility- The usual procedure, when con- 
fronted with such a situation, is to administer the drug, in the form 
of its sodium salt, intravenously. A serious defect is associated with this 
approach, for under these circumstances a peak concentration is 
reached in the blood soon after administration is completed, whicii 
rapidly falls off as the drug is e.x:creted. Thus, excessive concentrations 
are rapidly followed by ineffective levels, and therapeutic effectiveness 
is far from optimal. The intravenous route is admirable for rapidly 
disseminating the drug through the body, but it cannot be depended 
on as the sole method for the treatment of an acute infection. 



Fto. 1. — Subcut.incous reactions, 24 hours nfter the subcutaneous afiministnitioii of 
ircvS^o. and 10% aqueous solutions of sodium sulfathinjolo. a. No reartion. I>. SliKht 
hyperemia in skin flap. c. Marketl hyporemia with edema in skin flap. 


Some time ago Finland and his co-workers’ using the watcr-sohiblc 
glucose addition product of sulfapyridine, sliowed that this compound 
might be administered subcutaneously witliout fear of local reaction^. 
Unfortunately, they also pointed out that the glucoside was rebtively 
inert from a therapeutic point of vjcw.< FHppin* has dealt with the 
problem by advocating the intramuscular administration of con- 
centrated (33%) solutions of the sodium salt of sulfapyridine. 

The pharmacologic evidence presented by Powell and Chen' and 
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by Marshall® indicated that the alkaline aqueous solutions of the 
sodium salts of drugs like sulfapyridine are extremely irritating and 
that the subcutaneous administration of such solutions might cause 
severe local reactions or actual tissue destruction. We have found 
this to be true when concentrations of the order of 10% or higher are 
administered subcutaneously to experimental animals. We have also 
oi)served that such experimental animals tolerate the subcutaneous 
administration of 1 % aqueous solutions of the anhj^drous sodium salt 
of sulfathiazole without showing any sign of tissue reaction, and that 
onlj'^ a transient hyperemia results from the subcutaneous administra- 
tion of a 5% solution. 

Figure 1 shows the local reactions in a series of rats to the sub- 
cutaneous administration of 0.5 cc. of a 1%, 5%, and 10% solution of 
sodium sulfathiazole, 24 hours after medication. Animals receiving the 
1% solution sliowed no reaction whatsoei’er; those receiving the 5% 
solution showed a slight degree of hyperemia at the end of 24 hours 
winch had practically disappeared at the end of 48 hours, and left no 
trace whatsoever by the end of 72 hours. The animals receiving the 
10% solution showed marked hyperemia and edema at the end of 
24 hours which persisted. The lesion became indurated, and involved 
the subtending fascia by the 72d hour. 

Aqueous solutions of the anhydrous sodium salt of sulfathiazole 
have the following physical properties: 

Tabi.k 1.— Physicai. Propeeties or Aqueous Solutions or .Sodium Sulfathiazole 


Conwiilialioii 

0 5 

1 0 
5 0 

10 0 
25 0 


pH 
9 55 

9 72 

9 8-10 0 
10 0-10 2 

10 39 


Freenng point 
depiesMoii 

0 07 
0 14 
0 605 

(crystallizes 
out in cold) 


Thus, even 1% solutions are definitely hypotonic; such solutions may 
he brought to isotonicity by the addition of 0.62% of NaCl. In practice 
we have neglected this factor and used the h^^potonic solutions for 
suhcutaneous injection. 

Our clinical evidence agrees with the observations of Taplin and his 
co-workers’ and bears out our experimental findings. Up to the present 
time, more than 200 individuals in the Medical, Gynecological and 
vSurgieal Services of the Albany Hospital have received up to 2000 cc. 
cf a 0.5% aqueous solution of sodium sulfathiazole per day, admin- 
istered subcutaneously at a rate of approximately 100 cc. per hour, 
without showing a single, serious untoward local reaction. The most 
I'cnous local reaction encountered in this group of patients was a slight 
swelling and tenderness of the injection site, which cleared up within 

few hours after the application of a hot water bottle. This occurred 
>11 8 jiatients in our entire series. 

1 he group included all ages: the youngest patient being an infant 
01 3 lyeeks suffering from lobar pneumonia, the oldest a man aged 82 
differing from an acute infection of the urinary tract. Figure 2 shows 
*'ic age distribution of the group. 
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Sexes were represented almost exenly: 55% females, 45% males. 
The clinical conditions treated by this method included the usual 
variety of pathologic states which have shown themseh’es to he 
amenable to therapy with this drug, but where ora! administration of 
the drug was either contraindicated or impossible. 

40 


30 


20 


10 


$ 

I Hio H-aaa‘30 3i— 40 4<‘5oa'6o e70 7i*ao 

Fig 2.~Age distribution of patients medicated nith suI)cutancousI> adimtiisfercd 

sodium sulfathinzolc 

The follou ing table gives a summary of the clinical results: 


TtBLE 2 — .V Sl>\I«.\RI OF Ttlh CeiMCtl, 

Tot'll 

No of 

lit «UfTS 

UoMlit** 


Clinical entitles 

cases 

Uccot rrcii 

DicT 

Acute nppendicifis with peritonitis 

54 

S3 

1 

Peine pentomtis 

31 

31 

n 

Postoperative hyperpyrexia 

25 

21 

I 

Intracranial infections 

15 

n 

1 

Postoperative pneumonia 

H 

11 

.! 

Postoperative pcnfonitis 

}] 

7 

} 

Ruptured ulcer wnfh peritonitis 

5 

.3 


Liny ngo-trachcobroncliitis 

1 

0 

( 

Postoperatoo urinary" tract infer lions 

.{ 

o 

1 

Lobar pneumonia (comphnted) 
Puerperal sepsis (inchidinR septic alair- 

12 

8 

1 

tions) 

10 

in 

f) 

Po-t-lraumatic infections 

fi 

.5 

.1 

Mi-ccUancous 

10 

0 

1 


Infecting organisms included: Sfapit. oiirDis, Siapit. alhv't. Hemo- 
lytic streptococcus, non-hemol\ tic streptococcus, .SYrep. rirlrhiii'i, ![• 
coll, //. itiflucitzx. Pneumococci. Tvpcs I. II, III, \'I. XII. XIII, X^ , 

XIX, XXI, XXII, xxrii, XXV, xxvii, xxix, xxxii. 

Blood concentrations of the drug following this type of medication 
are somewhat lower than would be expected if the same quantity tif 
the drug had been administercil orally. So arlwpiate explanation < an 
be given for this observation at the present time; it m.ay he due to the 
fact that these individuals i\ere receiving large cjuantitics of parenteral 
fluids, which xiould tend to speed up the pas-age of the drug through 
the body. This suegestion subst.antia teel by the small projKirtion of 



SUBCUTANEOUS ADMINISTRATION OF SODIUM SULFATHIAZOLE 707 


acetylated drug which is present in the blood under these circum- 
stances. Following oral administration from 10% to 20% of the drug 
in the blood is conjugated, while onlj^ 5 % to 10% is conjugated fol- 
lowing subcutaneous administration. 

Figure 3 shows the maximum blood concentrations obtained after 
the subcutaneous administration of 5 gm. of the sodium salt of sulfa- 
thiazole in a 12-hour period. 



o TOTAL 


FREE 


o# 

••••• 


o 

o8 

8 : 


ooo«««o« mo 


Mgm. per lOOcc 

Fifi. 3.— Maximum liloocl concentrations following the subcutaneous administration of 
5 gm. of sodium sulfathiazole in 12 hours. 


Two cases of complete anuria occurred; both recovered following 
catheterization of the ureters and the intrai^enous administration of 
slightly alkaline buffers. Frank hematuria occurred in 4 instances, 
while 30 patients showed microscopic crystalluria or occult hematuria. 
Three patients showed mild secondary anemia. 



1 2^4 5 6 7 5 9 10 II 12 t> 14 15 16 17 IB I9Z02I 22 23 259627 2S 29 Jo 51 32 

A y oP ILLNESS 

nl^ *^*'*“' meningitis in an infant. The chart shows, from 

*empDraturc, cerebrospinal fluid culture, blood culture, cerebrospinal 
uu drug content, blood drug content, and dosage. 


Ihe incidence of toxic reactions to medication is somewhat higher 
tlian would be expected. It should be pointed out, however, that the 
piUicnts comprising this clinical group were acutely ill; 75% of them 
hbl undergone recent major surgical intervention. 
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Figure 4 diagrammatically illustrates the clinical course of a fatal 
case of JET. influenzas meningitis in an infant. This case is presented in 
order to demonstrate the blood and cerebrospinal fluid levels attained 
as a r^ult of the oral, subcutaneous and intravenous administration 
of sodium sulfathiazole or sodium sulfadiazine. During the early 
stage of the illness, the administration of tlie drug was by gavage, 
but the intestinal distention which resulted from this method of 
administration made it necessary to resort to some otlier means of 
medication. The subcutaneous route was chosen. 

During the course of this investigation, sodium sulfadiazine was 
made available to us. On experimental animals it appeared to he 
slightly more irritating than the sodium salt of sulfathiazole. However, 
the administration of equal quantities showed that the sulfadiazine 
salt gave rise to much higher blood concentrations than did the sulfa- 
thiazole salt; this, together with the fact that sulfadiazine traversed 
the cerebrospinal barrier more readilj- than does sulfathiazole, led us 
to try sodium sulfadiazine in the treatment of a number of cases of 
meningitis. No local reactions were observed. One such case is illus- 
trated where both sodium salts of sulfathiazole and sulfadiazine were 
employed. In neither instance was tliere any irritative reaction. 

More recently, Jorgensen and Greeley^ reported on the administra- 
tion by hypodermoclysis of -5 to 1 % solution of sodium sulfadiazine 
to infants without resulting in a single local reaction. They have used 
repeated subcutaneous injections of solutions up to 5% without any 
deleterious reactions. 

The chart in Figure 4 illustrates two points to which attention has 
already been called; (1) Higher bhod levels are attained after the 
administration of sulfadiazine than result from the administration of 
comparable doses of sulfathiazole. (2) Cerebrospinal fluid concentra- 
tions of the drug are much greater after sulfadiazine than they arc 
after sulfathiazole. 

Conclusion. The subcutaneous administration of dilute (0.5%) .solu- 
tions of sodium sulfathiazole afford a safe, practical method for the 
administration of this drug when oral administration is contraindicatc<i. 
This conclusion is based upon a study of the physical properties of 
dilute solutions of sodium sulfathiazole, upon the administration of 
such solutions to experimental animals, and upon a clinical study of 
200 patients who have received sodium sulfathiazole by the sub* 
cutaneous route. 


Thp anhydrous sodium sulfathiazole use<l in this study supplKsi hy Winthrop 
Company, New York, N. V. 
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THE THERAPY OF EXPERIMENTALLY INDUCED GANGRENE 
PAET I. A Method of Testing Local Antiseptics in vivo 

By Karl K, Grubaugh, M.A.* 

AND 

William A. Starin, Ph.D, 

COLUMBUS, OHIO 

(From the Department of Bacteriology, The Ohio State University) 

The primary object of this study was tlie elaboration of a method 
for the study of antiseptic action that was based upon in tho experi- 
ments. We selected Azochloramid as a presumably effective and safe 
compound on the basis of many reports which compare its effective- 
ness Avith that of other antiseptics, both in bactericidal tests, and in 
determinations of toxicity (chemotherapeutic) indices,®’®-*®-^® 

The development of a technique of producing and treating con- 
trolled wound infection in experimental animals has been the goal of 
many investigations since none of the in vitro methods used for the 
evaluation of local antiseptics permit prediction of their effect in the 
treatment of wounds. 

However, as shown by Reinhardt, Scheimann et al. (as described by 
Browning®), also by Kroll et al} experimental wounds infected with 
streptococci either heal spontaneous!}^ in a short time, or the infection 
is so ovei'Avhelming that death of the animal is quickly brought about 
by a septicemia which ob\dously could not yield to local treatment. 
Hertz and Hunt®-® used S. anrens to produce abscesses in mice and 
hamsters. Healing occurred without treatment in 7 to 8 days; thus 
tile effect of the treatment could not be easily determined. 

vSomewliat more promising results were obtained when the experi- 
mental wound infection was brought about by the use of anaerobic 
spore-forming organisms. This is largely due to the fact that the 
infection takes a course slow enough so that an efficient local antiseptic 
might influence it, and due to the fact that if left untreated, it usually 
ends fatally, providing an end-point for the control animals. This 
experimental approach was successfully used by Bliss, Long and Smith.' 

Since experimental wounds infected with anaerobic bacteria are 
pually deep and develop tissue necrosis, the treatment requires dis- 
mfectants which ha\'e penetrating power and activity in the presence 
of slough and debris. We, therefore, undertook to examine the use of 
experimentally infected wounds in evaluating a local antiseptic in vivo. 

Experimental Procedure. Stock cultures of Clostridium histolyticnm , 
Cl. pcrfnngens and Cl. septique were grown in a medium consisting of 
a I'cal infusion broth containing 1 % proteose peptone, 0.2,5% dextrose 
and 1% tryptophane, adjusted to a pH of 7.0. The medium was dis- 
tuhnted into large test tubes into which 2 to 3 gm. of finely chopped 
meat iiad been placed, which aided in the reduction of the oxygen 

'■'ll • Ri'soarfh L:\hor.Uories, Wallat-o A- Tiornaii Proihicls, Inc.. Belle- 
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tension of the medium, and furnished additional material for growth. 
After boiling for 5 minutes to drive out the oxygen and cooling quickly 
afterwards to prevent reabsorption, the medium was inoculated witli 
0.5 cc. of the bacterial suspension and sealed with a layer of sterile 
petrolatum. This method was found to be satisfactory for producing 
the anaerobic conditions required by the organisms. 

The Azochloramid solution used throughout the work was prepared 
by dissolving 9.45 gm. of the commercially available Azochloramid- 
salt mixture in 1000 cc. of warm distilled water. The resulting isotonic 
.saline solution contained Azochloramid in a concentration of 1 
and was buffered at pH 7.4. The exact concentration of Azochloramid 
was checked by iodometric titration. 

Guinea pigs of approximately the same size, weighing on an average 
600 gm. and Syrian hamsters ax'eraging about 120 gm. were u.sed for 
the e.xperiments. Wounds were produced in the following manner; 
The animals were anesthetized by injecting 0.3 cc. of nembutal intra- 
peritoneally. The hair of the leg and back was removerl In- clipping, 
the thigh washed with alcohol and the skin and muscle of the thigh 
were then bruised by pinching with a iieavy sterile forceps. 'i'Jii.s 
resulted in the formation of a slightly edematous contused area of 
about 0.5 cm. in diameter. Care was taken not to break the skin. 
The infection was produced by immediately injecting into this l)rHi.sed 
area 0.5 cc. of a broth culture of Cl. liistoJyfiaim, or of a mixture of 
Cl. liisfoli/ficiim, Cl. perfringem and Cl. ,iepti(pw cultures. In order to 
preclude too rapid development of an overwhelming ijifcetion, the 
injection was made superficially. When the culture of a single organism 
was injected the infections were well established after 35 to 20 hours. 
They were characterized by marked swelling and stiffening of the leg. 
lysis, destruction and sloughing of the skin over the area of the wound, 
which, at this stage, had increased to about 2.5 cm. in diameter, 'i'hc 
muscles were pale pink in color. In other group.s of animals the gan- 
grenous le.sions were produced hy inoculating with 0.5 cc. of a mixed 
culture of Cl. hi.'tloh/iicum , Cl. perfringens ami Cl. .irplujur. 'I’lie Ic.sioii'' 
were of similar appearance as the ones produced l)y Cl. hi.slolj/firum 
alone but appeared sooner, approximately 30 hours following tlie 
infectioiv. 

In the control animals the lesions continued to incrca.se in extent 
until the whole lower leg !)ecame involved. In most cases these animals 
died on the 3d or 4th day due to invasion of the abdominal cavity fol- 
lowed by peritonitis. In some instances, this was preccdwl hy wm- 
plete destruction and lysis of the tissue of the leg and thigh, leaving 

the bone exposed. ... 

In the te.st animals, treatment with the antiseptic was instituted 
15 to 20 hours after the injection of the single cidtiire, or 10 hour-- 
after the injection of a mi.xcfl culture, Avhen active lesions .showini: 
necrosis and edema had been well established. The animals were 
anesthetizcfl with nembutal. The woiind area was irrigated and 
washefl with cotton swabs saturated with the aqueous .solution o! 
Wochloramid. After the woumls were cleanetl a wet drt>-sitig con- 



THERAPY OF EXPERIMENl’ALLY INDUCED GANGRENE 


711 


sisting of a pledget of cotton saturated with the Azochloramid solution 
was applied in such a way that good contact was maintained with all 
parts of the affected region. No attempt was made to bandage the leg 
with gauze or tape as the animals have a tendency to tear at them 
until they come off and, in so doing, might enlarge or contaminate the 
lesions with other organisms. The wet dressing was allowed to stay 
in contact with the wound for as long a period as the anesthetic kept 
the animal quiet, usually several hours. 

This treatment was carried out twice daily for 3 to 4 days, during 
which time a heavy scab formed over the wound. Following this, the 
applications of Azochloramid were reduced to one a day for 3 to 4 days; 
then the wound was allowed to heal without further attention. Usually, 
the first scar and large amounts of dead tissue had sloughed off within 
14 days, a thinner, lighter colored scab having formed beneath. In 
most cases, complete recovery occurred in about a month with only 
a small scar remaining. (Table 1.) 

In some of‘ these experimental infections in guinea pigs it was also 
decided to test the effect of a wetting agent, sodium tetradecyl sulfate 
(sodium 2-methyl T-ethyl undecanol-4 sulfate) along with Azochlora- 
mid. The difference in the time of healing of the wounds does not 
seem to be significant (Table 1). 

Table 1.— Effect of Treatment With Azochloramid on Experimentally Infected 

Wounds in Guinea Pigs 




Animals, 



Recovered, 

Infections 

Treatment 

No. 

Recovered 

Deaths 

% 

Cl. hislolyiicuvi . 

None 

7 

1 

6 

14 

Cl. histolylicum . 

Azochloramid 

22 

20 

2 

91 

J 

’ None 

11 

1 

10 

9 

Cl. histolylicum* 1 

Cl. perfriugens* 

i Azochloramid 

1 Azochloramid and 

21 

15 

G 

71 

Cl. septique* ^ 

wetting agent 

9 

S 

1 

89 

Mixed culture. 

[ None 

5 

1 

4 

20 


lA'perimental infections were also produced in Syrian hamsters. In 
view of the smaller size of these animals, the amount of bacterial 
susiicnsion injected was reduced to 0.2 cc. Typical lesions described 
aiiove were produced in 15 to 20 hours and the treatment was carried 
out in the same manner and to the same extent as with the guinea pigs. 

A group of hamsters was infected with the mixed culture of organisms 
and, although the lesions developed more rapidly, the severity of the 
acute infection was overcome in about 8 to 10 days. The wounds 
healed completely in about 3 weeks leaving only a small scar (Table 2), 

Table 2.— Effect or Tbf.atment With Azochloramid of Experimentally Infected 

Wounds in Syrian Hamsters 

Animals, Recovered, 

AO. Recovered Deaths % 

13 11 

5 1 

10 0 

5 0 

* Mixetl cuUm-c. 


2 S5 

4 20 

1 90 

5 0 


Infection 
Cl. hhlolt/licum 
Cl. hhloli/ticum 
Cl. hi.'iloliiticum* 
Cl prrfringcui* 
Cl. senU'ijnc* 


Treatment 

Azochlonimid 

None 

f .\zochlontniid 
] None 
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Controls ttere used with each group of animals undergoing treat- 
ment. These controls were infected in the manner de-scribed, some 
received no treatment whatever, while others were treated with '.sterile 
salme following the procedure outlined for AKochloramid in the. test 
animals. The saline treatment had no effect on the course of the 
infection. 

During the course of treatment of the infected wounds of hotli 
guinea pigs and hamsters, the types of organisms present were studied 
by making smears of some of the edematous material of each lesion 
at 2-day intervals. Following 4 to 6 days’ treatment the organisms had 
disappeared from the wounds. In several animals staplndococci were 
found, but none were seen in stained preparations from the lesions of 
treated animals made 1 or 2 days after their appearance if treatment 
was continued. 

Conclusions (Part I). E.vijerimen tally induced gangrene was pro- 
duced in guinea pigs and Syrian hamsters either with CV. Iih-toh/linim 
or with mixtures of cultures of Cl. hk-foli/tici/m, Cl. prrjrhtgrn.'i and 
Cl. scplique. The infections in the test animals were treated with a 
stock solution of Azochloramid or with Azochloramid combined with 
a wetting agent, sodium tetradecA’l sulfate. Of this group there were 
71 to 91% recoveries as compared with an 80 to 100% mortality in 
the control animals. In these e.xpcriment.s there was no .significant 
difference between the action of Azochloramid itself ami that contain- 
ing a wetting agent; each gave good results when u.sed in treatment 
of the gangrenous lesions in guinea pigs. 

The results of the experiments demonstrate the marked effect of 
Azochloramid when used as a therapeutic agent on gangrenous woimd.^ 
in animals. The se\’erity of the infections with Cl. Imlolijticnm wa.s 
quickly reduced by daih’ treatments with Azochloramid for a permd 
of 10 days, and complete healing of the wounds in both guinea i>ig.s 
and hamsters resulted within 1 month. Similar results were obtained 
in the treatment with Azochloramid of o.vpcrimcntally induced wouiuK 
with mi.xed cultures of Cl. pcrjringrn.s. Cl. liklnli/linoti and Cl. xrjtliipir. 

These therapeutic effects are undoubtedly due to tiic ability of 
Azochloramid to de.stroy and inactivate the to.xins and lysins of tIic.'C 
anaerobes in concentrations far below those required to inhibit growth. 


Part n. The Effect of Azochloramid on Various Anaerobic 
Bacteria and Their Toxins 

Anaerobic bacteria, common inhabitant." of the .'^oil. arc not infre- 
quently encountered in traumatic and w.ar wound.s. .Mthoiigh tiic\ 
have little invasive ability, their toxins rlamagc the surface ti'^ne l>y 
destruction and ly.sis. Of this group of anaerobic bacteria thn-c a>'-o- 
ciated with gas gangrene, botulism and tetanus are the imt^t imjKirtant. 

The effect of an antiseptic on the growth, hemoly.sin" ami Icth.-d 
toxins of this group of bacteria was con."idcrefi of interc."t. .An inve-G- 
gation was made to determine the efficacy of A'/f)chiorami<! bV.N - 
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Dichloroazodicarbonamidine),^^ a chlorine compound deriving its 
bactericidal effect from the slow release of hypochlorous acid in a 
water solution. Its advantage over other chlorine compounds lies in 
its stability in the presence of extraneous organic matter. Guiteras 
and Schmelkes^ have shown that Azochloramid reacts with amino 
acids and proteins only to a slight extent under conditions where the 
other chlorine compounds are easilj’^ inactivated. 

Since this work was started, Heise and Starin^ have reported similar 
studies with staphylococci. 

Experimental Procedure. The organisms used in these studies were 
3 strains of Cl. perfringem, and 1 strain each of CL Mstolyiimmi, CL 
ieiani, CL botulimim and CL septiqve. 

The medium for culture and toxin production of these organisms is 
the same as that described in Part I. The crude toxins used in all tests 
were obtained bj^ filtering the broth cultures through Berkefeld “V” 
candles. 

For the tests to determine the inhibiting power of Azochloramid 
on growth and toxin production of tliese organisms, solutions of 
Azochloramid were added directly to the culture tubes so that each 
tube contained a definite concentration ranging from 1:3300 to 
1:33,000. The tubes were then inoculated with 0.5 cc. of a heavy 
suspension of tlie organism, immediately sealed with sterile petrolatum, 
and incubated for 24 hours at 37.5° C. Growtli was determined by 
the turbidity of the culture tubes after 24 hours and subcultures were 
made for confirmation. 

The presence of hemolysins was determined by filtering the 24-hour 
broth cultures through Berkefeld “V” candles and using this filtrate 
as follows: 

Red blood cells obtained from horse, sheep, rabbit and human 
blood Avere centrifuged and washed 3 times with physiologic saline 
solution. A 3% cell suspension was then made up in saline buflered 
at a pH of 7.4. One cc. quantities of the filtrate were distributed in 
small test tubes; 0.5 cc. of the 3% cell suspension Avas added to each 
tube, and the volumes Avere brought to 2.5 cc. AAuth buffered saline. 
The tubes Avere Avell shaken and incubated in a AA^ater-batli for r, hour 
at 37.5° (\ The final results AA’ere read after storing the tu))es in a 
cold room for 24 hours. 

The presence of lethal toxins in the filtrates from the cultures AA'hich 
p’ew iji the ])resence of Azochloramid was determined by intraA'enous 
injection of 0.2 cc. of the filtrate into mice. The mice used Avere of a 
standard age of 12 Aveeks. 

The effect of Azocliloramid on preformed hemolysins produced by 
the various groups of anaerobes AA'hen groAA-n under optimum conditions 
were studied. The organisms were groAAm until the maximum quantity 
of hemolysins Avas obtained. The filtrates from these broth cultures 
were titrated A\-ith erythrocytes to determine the concentration of 
hemolysin produccfl by cacli organism. The highest dilution of hemoly- 
sin producing 5(K^ hemolysis AA'as taken to be the minimal hemoh-tic 
dose (m.h.d.). 
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Multiple series of dilutions of Azodiloramid-salt mixture were 
prepared. To each series was added 1 cc. amounts of each filtrate 
containing known multiple m.h.d. The tubes were well shaken, then 
incubated in a water-bath for h hour at 37,5° C. At the end of thi.^; 
time 0.5 cc. of a 3% suspension of red cells was added to each tube 
and they were again shaken and incubated for § hour. The tubes were 
placed in the cold room and a final reading for hemolysis was made 
after 24 hours. 

A study was made of the action of Azochloramid on the lethal toxins 
as produced by the organisms in artificial culture medium under 
optimum conditions. The minimal lethal dose (m.l.d.) for mice of the 
to.xic filtrates of the different organisms was carefully determined. 
One m.l.d. for mice was the amount of toxin that would kill mice of 
standard size and age in 24 hours when injected intravenously. The 
effect of Azochloramid on these toxins was determined by mixing 
1 cc. amounts of toxin containing multiple m.l.d. with .4zocIdoramid. 
Each tube containing these mixtures was well shaken atul placed in 
a water-bath for 4 hour at 37.5° C., after which 0.2 cc. of each toxin- 
Azochloramid mixture was injected intravenously into mice. 

Complete protection of the treated animal was the arbitrarily 
selected criterion of the inhibitory potency of Azochloramid against 
the lethal toxin. The protective value was expre.ssed in terms of the 
amount of Azochloramid that would protect the mouse against the 
multiple m.l.d. injected. As the toxin of Cl. botiiliiniiii is so much 
more potent than those of the other anatwobes studied, a special test 
was carried out with it as follows: 1 cc. amounts of the .stock Azochlora- 
mid-salt solution (1 :3300) were added to 1 cc. of diluted toxin. 'I’he.'ic 
dilutions contained between 100 to 4000 m.l.d. The tul)es were well 
.shaken, then incubated in a water-bath for 4 hour at 37.5 ° C. Following 
this 0.4 cc. of each mixture was injected intravenously into mice. 

Results. The results obtained when Azochloramid is incorporated 
in the culture medium are indicative of its inhibiting action on the 
growth of the different bacterial species. The concentration of .Vzo- 
chloramid necessary to cause complete inhibition of growth \arics; 

/. e.. Cl. perfringens was completely inhii)ited by a dilution of 1 , 52 SI); 
Cl. hutfoh/ficum by 1/6G00; Cl. tetani by 1/3250; Cl. hoUdimm by 1 / 4720 , 
and Cl. septuple by 1/52S0. TJicse are the minimum concentration-; 
preventing g^o^\'th in the culture tubes. Sucli negative observation' 
were always confirmed b\' subeuitures (Table 3). 

The development of hemolysins for fliffcrent types of erytlirof-ytc,' 
%vas also inhibited by Azochloramid in the medium (Tai)lc 3). fhi' 
reaction was })re\'entcd by lower concentrations of Azoeldf>ramid tiiaii 
those rec|uired to prevent growth. Effective enneentrations '’•uigc 
between 1/52S0 for Cl. hotidimnn to 1.32.50 for the other ariacroht-’ 
studied. Xo variation was noted with respect to the iidiihition of the 
hemolvsins for the erythrocytes of the fliffcrent species. 

The production of lethal to.xin was similarly inhihitcfl by tlie pre'cnee 
of Azochloramid in the cidture meflimn. Examination f.f the flaia m 
Table 3 shows that in most instances inliibition of formation of 
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lethal toxins is brought about with even lower concentrations of 
Azochloramid than inactivation of hemolj^sins. Effective concentra- 
tions range between 1/8250 for Cl. histolyticum to between 1/16,500 
and 1/33,000 for the various strains of Cl. perfringens. 


Tabw: 3.— The Inhibition of Hemolysin, Lethal Toxin and Groatoh When 
Azochloramid Was Incorporated in the Culture Medium 

Dil. of Azochloramid in medium preventing 





Hemolysin production 


Lethal 





^ 



toxin 


Organism 

Strain 

Horse 

Sheep 

Rabbit 

Human 

production 

Growth 

CL perfringens 

O.S.B.H. 

1:8250 

1:8250 

1:8250 

1:8250 

1:33,000 

l: 5,280 

Cl. perfringens 

Hall 

l;8250 

1:8250 

1:8250 

1:8250 

1:16,500 

l: 5,280 

Cl. perfringens 

Novy 





1:33.000 

1 : 10,890 

Cl. histolylieum 

Spray 

1:8250 

1:8250 

1:8250 

1:8250 

l: 8,250 

l: 6,600 

VI. letani 

O.S.U. 

1:8250 

1:8250 

1:8250 

1:8250 


l: 8,250 

Cl. 6otidwttm 

MtAi 

1:5280 

1:5280 

1:5280 

1:5280 

* 

l: 4,720 

Cl. septique . 

O.S.U. 

1:8250 

1:8250 

1:8250 

1:8250 

1 : 16,500 

l: 5,280 


* Where growth occurred ivhcn Cl. boinlinvm was cultured in the presence of AzO' 
chloramid a lethal toxin could always be demonstrated. 


Tlie liemolj'sins used in this study were produced by growing the 
organisms under anaerobic conditions in tlie artificial medium pre- 
viously described for the time required to produce the maximum yield. 
The results indicate that Azochloramid has a marked effect on hemoly- 
sins even in low concentrations. As a uniform volume of filtrate was 
used throughout the experiment and the potency of the hemolysin 
for the different organisms varied between 10 m.h.d. and 20 m.li.d. 
])er cc. the concentration of Azochloramid necessary to inactivate the 
different hemolysins was not strictly comparable. The concentrations 
of Azochloramid capable of reducing the liemolytic titres are quite 
low, ranging between 1/16,500 and 1/33,000 when tested against 
multiple m.h.d. (Table 4). 

Table 4.— The Effect of Azochloramid on the Hemolisins of Various 

Anaerobic Bacteria 

Dll. of Azochloramid uhich compleleij inhibits 
No. of Oic Ijsis of cells 

m.h.d. — — - — — ^ 


Organism 

Stiam 

III 1 cc. 

Hon-e 

Human 

Slicep 

Rabbit 

CL pcr/n'n(jcM,<i 

O.S.B.H. 

20 

1:26,400 

1:26,400 

1:26,400 

1:26,400 

CL perfringens 

Hall 

20 

i: 20,400 

1:26,400 

1:26.400 

1:26,400 

f'L hislolylictnn 

Spray 

10 

i: 3:1,000 

1:26.400 

1:. 33,000 

1:26,400 

CL Irtani 

O.S.U. 

10 

1:26,400 

1:33,000 

1:26,400 

1:26,400 

Cl. holulinum 

MiA: 

S 

1:33,000 

1:33,000 

1:33,000 

1:33,000 

CL scpliqiic 

O.S.U. 

15 

1:16,500 

1:16,500 

1:16,500 

l: 16,500 


The prelormed lethal toxins used in this investigation were produced 
by growing the various anaerobes under optimum conditions for the 
length of time necessary for the production of a maximum yield of 
potent toxin. The results of these experiments demonstrate the marked 
eflect of low concentrations of Azochloramid on the lethal toxins of 
the organisms studied. The amount of lethal toxin used varied with 
tile different organisms since a constant volume of toxic filtrates was 
used throughout these experiments. The titres of different toxins 
varied from S m.l.d. for Cl. perfringem (Xovy strain) to 100,000 m.l.d. 
per cc. for Cl. boinhnitm. Therefore, again the minimum inhibiting 
TOUcentrations of Azochloramid arc not strictly comparable. 
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The protective value of Azochlorainid was defined as tliat amount 
which would react with the toxin in such a way as to render it inactive 
when midtiple ni.l.d. were injected into the mice. The results show, 
as may be seen in Table 5, that low concentrations of Azochlorainid 
have the capacity to inactivate the lethal toxins even when multiple 
m.l.d. are injected. The dilutions of Azochlorainid inactivatiiifr tlie<e 
toxins ranged from 1/16,500 for the .3 strains of CL prrjriiigcii)! and 
Cl. scpiiquc to 1/33,000 for CL hi.tfolplicum. The m.l.d. per cc. of the 
lethal toxins varied a great deal but the same high dilution of A/o- 
chloramid had an equal effect on the multiple m.l.d. of each toxin. 
The toxin of CL boiulhium was an exception in this test when the same 
procedure was followed as with the other toxins, l^■hcn 1 volume of 
this toxin containing 100,000 m.l.d. was mixed with an equal volume 
of a standard saline solution of Azochlorainid (1 3.300) the toxic filtrate 
was not inactivated as the injected mice died in the same time as the 
controls. 

Tibi.e 5. — The Effect <if Azochi or^mid on the LfTnvi Toninn (h ViRiof* 

.Vn^erobic Organism's 


OipiiH'ins 

Mr«im 

No nl in 1 1 | 
111 1 1 1 

Oil nf \i’(Kliloriiiiii| III il 
jirnlrrlcrl mipo froiii 
iniiltiiili' ni 1 (1 o( toxin 

('1 prrfniignis 

OSB.H 

I.') 

1 : 10, .-,00 

Cl prrfriiigeiis 

Hall 

->n 

1 ; Iti.SOO 

Cl pcr/nngcris 

Xo\ y 

S 

1 ; Ui.joo 

Cl htslolulicum 

Spraj 

JO 

I MS, 000 

Cl. boluhnutn 

Mt.X; 

100.000 

No prolortiDli 

Cl. scplxqiic 

OSU. 

17 

l:iri„joo 


Therefore, a special experiment was set up to fietermine the largc'l 
number of m.l.d. against which the stock .solution of Azochlorainid 
was effective. The results of this test, as seen in Table (5, show that 
a dilution of 1/3300 of Azochlorainid will protect mice against a 
maximum of 250 m.l.d. of the CL bohiliiuivi toxin. 


Tvblk C) —Thk Ef^rcr or A7ocHLoR\Mn> on Ct Boti mm v Toxin 

u»i«' On tlo*' 



4mt 

Azf» 


\iiit 



.M I.<l. 

lOXlll 

(i/3'ino) 

Inruli 

liijrrt 

1 

J i t 

100 

1 re 

I cr. 

] hr :j7 5” C’ 

0 J re 


J- -4* 

050 

1 re 

1 re 

’ hr :S 7 5” C. 

0 1 pc 


^4-4 

500 

1 IP. 

1 re. 

* hr 57 A" C 

0 4 IP 

-f 

_ 

750 

1 CP 

1 cc. 

1 hr .'57 5” C 

0 1 1 p 

_ 


1000 

1 cc 

1 cc. 

> hr .17 50 C. 

0 J IP 

- 


1500 

1 CP. 

I cc. 

> hr. .37 5® C 

0 I PI 

- 


2000 

1 CP. 

1 cc 

I hr .37 5® r 

0 1 PC 

- 


4000 

1 cc 

1 cc 

1 hr .37 5® C 

0 I PC 

- 


a- = livinR, 

_ = 


complete profcptioii 





Conclusions (Part II) 1. Iaw concentrations of .\zochloramid f I 
to 1/10, OSO) when incorfiorated in the culture nuTlium inhibit the 
gro\\i:h of various groups of anaerobic bacteria. 

2. The production of hemolysins and lethal toxins of thc'c organi'iii' 
in the culture medium is inhibitcil by even lower coiKcntration' " 

Azochloramid (1/.5260 to ! 3.3.(KKf). . i i 

3. Wien acting upon filtrates of tlicsc orir.inisiiis. siinilarh low con- 
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centrations of Azochloramid inactivate appreciable amounts of pre- 
formed hemolysins and lethal toxins. 
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STUDIES ON 2-SDLFANILAMIDO-4-METHYL-PYRIMIDINE (SULFA- 
MERIZINE, SULFAMETHYLDIAZINE) IN MAN* 

I. Absorption, Distribution, and Excretion 
By Franklin D. Murphy, M.D. 

GOUEV ANB SEEGER FELLOW IN MEDICINE, UNIVERSITY OF PENNSYLVANIA 

. John K. Clark, M.D. 
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With the Technical Assistance of Elizabeth Patch, A.B. 

(From the Department of Medicine and the William Pepper Laboratory of the Hospital 
of the University of Pennsylvania) 

The disadvantages associated with the sulfonamide drugs now in 
eonunon use have led to an increasing search for an improved deriva- 
tive. In an attempt to find a more satisfactory sulfonamide, we have 
mtevested ourseb'es in sulfamerizine (2-sulfanilamido-4-methyl-pyrim- 
iihne, sulfamethyldiazine), the methyl homologue of sulfadiazine, 
which has ‘been synthesized by several groups of investigators.-'®-' 
Hie therapeutic activity of sulfamerizine was described by Roblin 
cf o/.® at the same time that they reported on sulfadiazine and it was 
shown that in ]>reliminary mouse tests both of these drugs were con- 
sicleraljy niore active against streptococcal, pneumococcal, and staph- 
yloeoeeal infections in mice than sulfanilamide, sulfapyridine, or sulfa- 
thiazole. Pharmacologic studies in various species of laboratory ani- 

A r ^harp vt- Dohnic Laboraforios, Glen- 

P'V, 
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mals,® and humans^’-® have indicated that sulfamerizine is more ra})kl!y 
and more completely absorbed from the gastro-intestinal tract tliati 
sulfadiazine. Furthermore, it was shown by Welch d ol.^ that stilfa- 
merizine and its acetyl derivative were more soluble in urine than 
sulfadiazine and acetylsulfadiazine. Further studies by this group" 
suggested that sulfamerizine is no more toxic in e.xperirnental anitna!.-; 
than sulfadiazine when a comparison is made on the basis of blood 
concentration of the drugs. 

The present report ofi'ers certain observations dealing with the 
absorption, distribution, and excretion of sjilfamcrizine* in humans. 
Two groups of experiments were conducted, those in which a single 
dose of the drug was adniinistered orally, subcutaneously, intra\’cfi- 
ously, or rectally, and those in which multiple doses were administered 
o\'er a period of days. 

Methods and Materials. Sulfamerizine was detennined by llio method of 
Bratton and Marsiialt’ with the e.vception tliaf para-toltiene-.«iilforiic .acid 
wa.s used as protein precipitant for mo.st of the work in place of triclilorarctic 
acid. Studies on acetylated sulfamerizine in blood have shown that from 
0 % of the drug at low concentrations to 157^ at higher concentrations is not 
recovered by this method and we have corrected our results accordingly; the 
slight loss may be due to adsorption of the drug during blood protein precipi- 
tation, Detenninations of sulfamerizine were made on senmi bccau.se of tlic 
variability in the amount of drug found in the red blood cells when whole 
blood is used. The fate of a single dose of sulfamerizine, ndministcrcrl hy 
various routes, was studied in 16 patients wlio wore selected on the b.asi.< of 
nonnal gastro-intestinal, hepatic, and renal function and Avere for the most 
part young healthy males convalescing from minor surgical procedure!'. Xo 
attempt was made to defenniiic the e.\’act fluid intake but it approximated 
1.500 to 2000 cc. in 24 lioui-s. The 21 patients in w hom l>ofiy fluid concentni- 
tions were studied fell into no specific category and varied from hcaltliy to 
seriously ill individuals. Continuous administration of sulfamerizine wa- 
studied in 15 patients sufToring from a variety of diseasc.s, including pncuiu"- 
coccal pneumonia, meningococcal mciiUigiiis, hemolytic strej)toc(>ce!i! eellu- 
litis and subacute bacterial endocarditis. 


Results. A. .An.soKi*Tio.v \sn K.vcfiirno.v (»c Ht i.rAMKitfZiSK. j. 
Fafr of a Si/tfflr Oral Dose (Tabic 1). ICighl (.Nos. 1, 2, o, -1, o. 0, If 
and S) young male patients u-cro gix’cii ■'{ gin. of .sulfamerizine by immth. 
Blood .speeimen.s ivere taken at appropriate interval.s ami urine col- 
lected over 24- and 48-bour periods. At the end of 2 hoiins the average 
enneentration of free .sulfamerizine in the .scrum was 12.H mg. per 


KK) ee. and it continued to rise .•'o that after 4 hours the average eon- 
eentration reached a peak of IB.4 mg. per 100 ee. of free drug. 1 here- 
after the level began to fall and at tlic end of 24 liniirs it avcragisl 
5.0 mg. per 100 ee. of free drug. Acetylation of the flriig varied some- 
what, but reasonable values were obtained. During the first b hour- 
an average of S.7% of the total drug was in the acetylated form. 
However, in the 12- to 24-hour period the average amount of acctyhitn 
drug incrcaserl to lo^c- At the end of 4S hours no acetylation wa- 
evident in 5 of the S .subjects. 


* Wc .arc indcUtrf to Dr. W, .V. Fcirer. MMiral Diro-tor. Slnp. A ly'fhirf. 
Research Division. Glcnoitien, Pa-, for the sulfamerizine ii-eU in the sfml;. 
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Table 1.— Fate op Sulpamerizine Administered by Various Routes 
Absorption and Excretion of Single Oral Dose (S Gm.) of Stdfamerizine 


Amount of sulfamerizine 


Serum 


Urine 




t' 


' — > 


"■ ' 



■■ 1 — X 


Patient 


Free 

Total 

Acetyl- 

Free 

Total 

Acetyl- 

• Cumu- 

Urine 

Akc (vrs.) Time 

(mg. per 

(mg. per 

ated 

(mg. per 

(mg. per 

ated 

lative ex- 

vol» 

No, Wt. (Ib.s.) (hr.s.) 

100 ce.) 

100 ee.) 

(%) 

100 cc.) 

100 ec.) 

{%) 

cretion {%) (cc.) 

1 W. H. 

2 

12.6 

13.7 

8.0 






19 

4 

12.4 

13.1 

5.0 






ino 

0 

10.9 

12.5 

11.4 







12 

8.6 

9.3 

7.5 







24 

7.2 

8.0 

10.0 

32.0 

47.0 

31.9 

.38.3 

2450 


48 

3.5 

3.2 


17.4 

30.8 

43.5 

00.3 

21.50 

2 H. K. 

2 

13.4 

15.3 

12.4 






34 

4 

15.2 

17.6 

13.7 






132 

0 

13.6 

16.2 

10.0 







12 

9.2 

11.2 

17.9 







24 

4.9 

5.3 

7.5 

28.4 

02.8 

.54.8 

.56.0 

2675 


48 

1.5 

1.4 


12.0 

31.0 

01.3 

72.0 

1.5,50 

3 G. N. 

2 

14.7 

15.4 

4.5 






23 

4 

15.5 

10.9 

8.3 






I.IO 

0 

15.4 

16.7 

7.8 







12 

8.5 

12.0 

32.5 







24 

7.2 

9.0 

20.0 

88.0 

138.0 

30.2 

70.3 

1.530 


48 

2.0 

2.5 


23.0 

42.0 

45.2 

87.3 

1200 

4 H, h. 

2 

12.1 

12.0 

3.9 






24 

4 

12.8 

13.8 

7.2 






isn 

0 

11.3 

11,0 








12 

8.3 

9.1 

8.8 







24 

6.5 

7.1 

8.4 

42.5 

93.8 

.54.7 

.32.0 

1040 


48 

1.9 

2.0 

5.0 

37.4 

100,0 

03.0 

00.3 

8.50 

.'i .1. D. 

2 

19.1 

20.8 

8.1 






20 

4 

17.3 

19.2 

9.5 






145 

0 

14.9 

10.3 

8.6 







12 

9.0 

9.9 

9.1 







24 

3,0 

4.7 

23.4 

1.30.0 

292,5 

.53.5 

01.4 

6.30 


48 

0.0 

0.0 


18.0 

.36.5 ■ 

.50.0 

71,3 

810 

0 A. K. 

2 

8.2 

8.8 

6.2 






23 

4 

10.1 

11.5 

12.2 






125 

0 

11.9 

13.5 

11.9 







12 

10.5 

12 2 

13.7 







24 

5,0 

7. .5 

25.3 

27,0 

31.3 

14,1 

25.2 

2420 


48 

2.7 

2,9 

6.2 

31.0 

.50.8 

44.4 

49.4 

1280 

t C. C. 


12.0 

13.0 

7.7 






04 

4 

13.3 

14.2 

0.3 






105 

0 

12.0 

13.3 

9.8 







12 

9,8 

10.9 

10.2 







24 

6.3 

0.9 

8.7 

31.0 

.38,1 

18,7 

10.1 

1205 

_ 

48 

2.3 

2.3 


24.2 

42.4 

42.9 

35.4 

1370 

3 n. s. 


10.5 

11,4 

7.9 






17 

4 

10.7 

11.8 

9.3 






147 

0 

10,4 

11.4 

8.8 







12 

7.8 

8.5 

8.2 







24 

6.1 

6.9 

11.6 

50.5 

77.5 

34,8 

21.0 

850 


48 

2,7 

2.8 

3.5 

32,0 

00.4 

51 ,8 

31.7 

440 




10 


Absorption of Single Rectal Dose {S Gm.) 


M. R. 

2 

tr. 

tr. 

40 

4 

tr. 

tr. 

135 

0 

tr. 

tr. 


12 

1.0 

1.0 


24 

tr. 

tr. 

A. E. 

2 

tr. 

tr. 

25 

4 

tr. 

tr. 

124 

6 

Ir. 

tr. 


12 

tr. 

tr. 


24 

tr. 

tr. 


of Sulfamerizine 


ptwu and Excretion After Parenteral Administration of Sulfamerizine — Intrarennus 
injection of Single S Gm. Dose of Sulfamerizine Sodium (o%) Solution 

RC. > 19.3 onr, .-,o 


X juv-t lu.i 

c 12.1 12.9 e.o 



24 

5.7 

0.0 

5.0 

30.2 

60.4 

50.0 

26.0 

1290 

T. V, 

48 

5 

1 ,9 
20.0 

1.9 

21 

5.7 

12.0 

72.2 

83.4 

47.0 

900 


2 

17.7 

IS'.5 

4.3 






122 

4 

14.4 

10.2 

n.i 







■ 6 

12.0 

13.9 

13.7 







12 

9.2 

10.5 

12.4 







24 

4S 

4.0 

0.8 

3.9 

0.5 

• , 

.58.0 

5,4 

104.0 

29.6 

04.7 
81. S 

69.7 

SO.O 

126.5 

10.50 


12 
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Table 1. — {Continued.) 


Amount of sulfamerisine 


Serum 


Urine 



Patient 


Free 

Total 

Acetyl- 

No. 

-■Vge (yrs.) 

Time 

(mg. per 

(mg. per 

Btc'd 

Wt. (lbs.) 

(brs.) 

100 cc.) 

100 cc.) 

(SJ-) 

Subcutaneous 

Infusion of Singh S Gm 

. Dose 

13 

N. G. 

2 

9.S 

10.7 

S.4 


35 

G 

13.7 

15.3 

10.4 


145 

12 

11.3 

12.9 

12.4 



24 

7.5 

9.2 

IS.G 

14 

F. E. 

2 

12.5 

13. G 

S.l 


51 

G 

13.3 

15.0 

14.2 


145 

12 

11.1 

13.G 

19.0 



24 

S.3 

10.5 

20.9 

15 

L. N. 

2 

11.5 

13.0 

11. .5 


37 

G 

12.5 

n.s 



140 

12 

S.5 

10.2 

10. C 



24 

4.0 

4.0 

13.0 

IG 

J. D. 

o 

15.0 

16.5 

9.1 


33 

f, 

14.0 

15.7 

10.9 


1.3.3 

12 

10. S 

12.7 

14.9 



24 

4.8 

0.0 

20.0 


Free Totni Aod.v!- Cumu- Vtine 
(mj;. per (nip. per ated Intir-c ft- veil, 
100 cc.) 100 fc.) (%> cretiani^c) (re.) 
of Sulfamcrhinc Sodium (0 ,5^ Sohilion) 


Urinarj- e.xcretion of the drug was measured. Within 24 hours an 
average of 40.1% of the ingested drug was found in the urine, while 
after 4S hours only o8.o% had been e.vcreted through tlie urinary tract. 
The figures varied from 31.7 % in 48 hours to 87.3% in the same length 
of time. One patient (No. 7), 65 years of age, c-xereted only Ih-W! 
in 24 hours and 35.4% in 48 hour.s. During the finst 24 hours an 
average of 37.3% of the e.xcrete<l drug was in the acetylatcd form. 
After 48 hours, however, 50% was aeetylated drug. 

II. Fafc of a Single Recfal Dose (Talile 1). Two females (.Vos. 1* 
and 10) were given 3 gm. of sulfamerizine in aqueous snspen.sion by 
retention enema and absorption was stiuiied. .-Vt no time was more 
than a trace of the drug found in the blood. 

III. Fate of n Single Intruremnis Dose (Table I). 4 Vo young maic.s 
(Xos. 1 1 and 12) were each given 3 gm. of .sulfamerizine soflinin in 
solution in sterile di.stiiled water intravenously. Within J hour the 
average level of free drug was 10.6 mg. jier 100 ee.: in 2 hours the 
concentration averaged 16 mg.; at the end of 4 hours, 13.0 ing.; at 
the end of 24 hours 4.8 mg. per 100 ee. 

n*. Fate of a Single Subrufanroioe Dose ('lable 1). Four mates 
(.Vo.s. 13, 14, 15, and l(i) were each given 3 gm. of sulfamerizine soflimn, 
0.5% concentration in 0.85% saline solution, sidicutaneously. Ifioo'i 
specimens were taken at appropriate intervals following admimsfra- 
tion. In 2 hours the a\ erage nuieentration of free flriig was 12.2 mg- 
per 100 ee., reaching a peak in 6 hours oi 13.4 mg., :iiid falling off to 
6.2 mg. in 24 hours. .Vcetylation very closely j)arnllelcd that fouii'l 
with the oral administration; about 7% of the total drug in the hV't 
6 hours was acetylatcd, while in the 12- and 24-hour iKTUKh tic- 
average acetylation was appro.ximately 16.5%. 

MuKiplr Dosage (Taide 2). Fifteen pat lent. s f.Vo-. 17 to .0. 
inclusive), sufiering from several disca,-es, inchiding pncnn!o<-o'’<t! 
pneumonia, meningococcal meningitis, suifaciite bac-terial eii(hM-:irdit!-, 
and hemolytic streptocf)cca! cellulitis, were treated with sulfiimerizui'- 
for varving periods of time ami with different dosage .-eheduh-. 



2-SULFANILA]MID0-4-MBTHyL-PYRIMIDINE 


721 


of these received an initial dose of from 2 to 3 gm. These patients 
were divided roughly into four groups: (1) given 1 gm. of sulfameri- 
zine every 6th hour; (2) received 1 gm. every 8th hour; (3) received 
1 gm. every 12th hour; (4) 2 patients who received massive intra- 
venous dosages. Variance of the serum concentration of the drug 
from person to person in the same dosage group was observed and in 
several instances the degree was marked. In some of these this Avas 
obviously the result of change of dosage on clinical indication. In 
others we have thought it to be due in part to differences in body 
weight and fluid balance. However, in the same individual the levels 
were constant. It should be stated, also, that due to the various 
dosage schedules and hospital routine, the time interAml separating 
the last dose and withdrawal of the blood specimen could not be kept 
constant in all instances, as these patients were under active treat- 
ment for acute infections. 

The patients (Nos. 17, 18, 19, 20, and 27) who received 1 gm. of 
sulfamerizine every 6 hours maintained an average serum concentra- 
tion of free drug of 13.8 mg. per 100 cc. Levels ranged from 4.7 to 
20.5 mg. per 100 cc. In this group the concentration of acetylsulfa- 
raerizine averaged 11% of the total drug. The group (Nos. 21, 22, 
23, 24, 25, and 26) receiving 1 gm. of the drug at 8-hour intervals 
showed an average serum concentration of 11.3 mg. per 100 cc. of 
free drug (range, 3.9 to 19.6 mg.). About 18% of the total drug was 
in the acetylated form. Two patients (Nos. 28 and 29) received 1 gm, 
of sulfamerizine every 12 hours. The average level of free drug in 
the serum was 10.5 mg. per 100 cc. (range, 8.9 to 13.3 mg.). Acetyla- 
tion in this group averaged 10.2% of the total drug. 

Two patients (Nos. 30 and 31) suffering from subacute bacterial 
endocarditis received large intravenous doses of sulfamerizine sodium. 
One, a young white male, weighing 154 pounds (70 kg.) received 14 gm. 
oi sulfamerizine by mouth in the first 3 days to check sensitivity. On 
the 4th day he was given 25 gm. of sulfamerizine sodium intravenously 
as a 5% solution in sterile distilled water. This solution Avas given 
over a 2-hour period. One hour after the infusion had been com- 
pleted the serum concentration of free sulfamerizine Avas 106 mg. per 
100 cc. Eleven hours later the level had fallen to 79.4 mg. per 100 cc. 
.-Uter G days the level AAms 2 mg. per 100 cc. Nausea was troublesome 
for several days and it is of interest to note that vomitus obtained 
•> days after the last oral dose of the drug and 2 days after the massive 
intravenous dose contained sulfamerizine in relatively high concen- 
tration, The second patient, a young Avhite female aa'Iio AA'eighed 
90 pounds (40 kg.) Avas managed in the same fashion Avith the exception 
that slie received 15 gm. of sulfamerizine sodium intravenously. One 
hour after the end of the infusion her serum concentration of free drug 

"as 90.4 mg. per 100 cc. In 12 hours this had fallen to 73.2 mg. 
per 100 cc. 


A study of the daily urinary excretion of 2 patients receiving 4 gm. 
of tile drug per day showed concentrations of free sulfamerizine ranging 
min 8.4 to 162.5 mg. per 100 cc. and total sulfamerizine from 18.4 to 
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Tabtx 2.— Eftect of Continued Orae Administration- of Suefameruine 

SiiMamerizine 

Scnim Urine 


Free Total 



Patient 


Dose 

(ing. per 

(mg. per 

No. 

Age Cvrs.) 

Day 

(gm.) 

100 cc.) 

100 cc.) 

17 

H. A. 

1 

4 




33 

2 

4 

15.5 

lo'.s 



3 

4 

20.4 

21. S 



4 

4 

10.4 

20.3 



o 

4 

17.0 

19.3 



G 

4 

18.4 

19.9 



7 

4 

16.1 

17.4 



8 

3 

16.5 

18.3 



0 

3 

10.4 

17.8 

IS 

N. a 

1 

4 




28 

2 

4 

5.9 

6.7 



3 

4 

8.0 

9.8 



4 

4 

12.0 

13.6 



5 

4 

10.0 

13.1 



C 

4 

9.7 

11.7 



7 

4 

4.7 

5.2 



8 

4 

9,8 

12.5 



0 

0 

3.5 

3.9 

19 

n. M. 

1 

o 




17 

2 

4 





3 

4 

13.1 

14.4 



4 

4 

16. 4 

17.3 



o 

4 

15.0 

I9.S 



c 

4 

15.0 

16.8 



7 

4 

16.5 




8 

4 

13.0 




9 

3 





10 

3 





n 

3 

10. 1 


20 

.1. li. 

1 

3 




.-.8 

o 

4 





3 

4 





4 

4 

12.4 

13.0 



5 

4 

14.5 

10.5 



0 

4 





7 

4 





8 

4 

19.5 

22.4 



9 

4 





10 

0 

17.0 

19.7 

21 

s. n. 

1 

4 




40 

2 

4 


20.5 


3 

3 

18.2 



4 

3 

14.0 

15.9 



5 

3 

13.8 

15.7 



0 

3 

12.7 

14.9 



7 

3 

13.3 

14.5 



S 

3 





0 

3 





10 

3 

14.8 

16.7 



u 

3 





12 

3 


IS. I 



13 

3 

16.4 

22 

A. G. 

1 

0 




30 


3 


24.4 


3 

3 

06) ^ 



4 

3 

20 !b 

O 




3 

IS. 5 

2o!3 



0 

3 

17.8 

19.1 



7 

3 

10,5 

17.7 



S 

3 

10. S 

18.3 

23 

W. P. 

1 

3 


5.0 


.VJ 

•> 

3 

3.9 


3 

4 

3 

3 

5.2 

4 . $ 




3 

3 

4.4 

C,5 



Ti 

3 






3 

4 5 

7.4 



S 

3 






3 

4.4 

S.fi 

24 

«. T. 

I 

2 



0.'. 

o 

3 

4 

4 

20. <S 

23.3 



4 

3 

20.3 

23. S 




3 

ir. 2 

19.7 



0 

3 

10.9 

19.8 




3 

17.4 

19.0 



s 

3 

19.0 

21.3 



9 

3 


to S 



10 

0 

9 0 



n 

0 

5 1 

5.8 


.Acct.vl. 

Itct' 

Total 

.Acetyl- 

IbiJv 

aterl 

(mg. per 

(mg. per 

atcri 

riffctJi'n 

(%) 

100 cc.) 

100 cc.) 

(Cc) 

(Km.) 


8.4 

18.4 

54.3 

OM 

7.7 

3S.G 

45.0 

IG.4 

1.01 

0.4 

162.5 

101.3 

15.0 

2.00 

4.4 

7.2 

8.2 

7.5 

9.8 

7.8 

1 14.5 

153.8 

25,. 5 

2,54 

11.9 

9.2 

.32.0 

92 4 

04.9 

l.f3 

11. S 

50.0 

151.2 

02,9 

1.3‘» 

16.7 

44.2 

127.5 

0.'>.3 

2. OS 

17.0 

.54.6 

147.5 

02.9 


0.6 

44.6 

140.0 

GS.l 

2.S-H 

21.6 


41.5 


1.17 

10.3 

9.0 

5.2 

24.2 

10.7 

46!o 

145.0 

72^4 

*» 


8.0 

12.0 


12.8 
13, G 


11.2 

11.0 

12.0 

M.8 

8.3 


11.3 


0.3 


8.0 

10.0 

s.s 

r..T 

f.T 

0.1 

22.0 

32..'! 

32.3 

30.1 

48 S 


10.7 

10 ..'. 

17.7 
M.G 

n .2 

7.0 

11 1 
12 II 
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Table 2. — {Conlinucd.) 


Sulfameriiiue 


Scrum 


Urine 


Patient 
No. age (yrs.) 
25 M. G. 
45 


2G B. 0. 
68 


27 H. P. 
35 


28 M. R. 
40 


20 M. G. 
51 


30 R. S. 
28 


31 


M. G. 
17 









Free 

Total 

Acetyl- 


Dose 

(mg. per 

(mg. per 

ated 

Day 

(gm.) 

100 cc.) 

100 cc.) 

(%) 

1 

3 




2 

3 

8.9 

12.4 

28.2 

3 

3 

9.6 

13.4 

28.3 

4 

3 

6.8 

9.8 

30.6 

5 

3 




6 

3 




7 

3 

8.8 

11.5 

23.4 

8 

3 




9 

3 

11.4 

16.1 

29.9 

10 

3 




11 

3 

9.5 

12.4 

23.4 

12 

3 




13 

3 

11.5 

16.2 

29.8 

14 

3 

11.0 

13.5 

18.5 

15 

3 




16 

3 

10.5 



17 

1 




18 

0 

6.0 



1 

3 




2 

4 

19.1 

22.0 

13.1 

3 

3 

25.9 

28.0 

10.3 

4 

3 




5 

3 

12.7 

14.8 

14.1 

6 

3 

14.4 

16.5 

12.7 

7 

3 

14.8 

16.0 

7.5 

8 

3 

18.1 

19.4 

0.7 

1 

3 




2 

4 

10.7 

15.0 

28.6 

3 

4 

10.3 

15.4 

33.0 

4 

0 

10.4 

14.2 

26.8 

5 

0 

2.5 

2.5 


1 

2 



2 

2 

8.7 

10.1 

13.8 

3 

2 




4 

2 

11.0 

12.0 

12.7 

5 

2 




G 

2 

9.0 



1 

2 




2 

2 




3 

2 

13.3 

14.5 

8.2 

4 

2 

12.0 

13.0 

7.7 

5 

2 

10.4 

11.4 

8.7 

G 

2 




7 

2 

9.8 

10.9 

10.1 

8 

2 

8.9 



1 

2 




2 

6 




3 

6 

22.8 

24.6 

7.3 

4 

25 

28.5 

30.0 

5.0 


(i.v.) 

106.0* 

113.4 

6.0 

5 

0 

79.4 

85.2 

6.7 

6 

0 

44.9 

49.2 

8.8 

1 

0 

19.7 

21.3 

7.4 

8 

0 

10.0 

11.0 

9.9 

9 

0 

4.4 

4.4 


10 

6 

2.0 

2.0 


11 

8 



12 

5 




13 

0 

26.1 



I 

o 




o 

0 




3 

6 

21.1 

21.9 

10.5 

4 

(•> 




5 

15 

40.7 

44.6 

8.8 


(i.v.) 



G 


90.4* 

97.2 

7.0 

0 

73.2 

78.1 

0.3 

7 

0 

38.5 


8 

0 




0 

G 

8.0 



10 

0 

24.0 



11 

C 





12 

13 

14 
i; 


r. 

f. 

6 

0 


2.5.C 

35.0 

35.0 

30.0 


> n , 

L !ir Innir .after intravenous infusion. 


Free Total Acetyl- Daily 
(mg. per (mg. per ated excretion 
100 cc.) 100 cc.) (%) (gm.) 


439.0 

606.3 

27.5 

2 42 

450.0 

770.0 

40.3 

13!o9 

357.5 

516.3 

30.7 

4.12 

131.0 

207.5 

36.9 

4.14 

26.3 

49.4 

26.5 

1.97 

13.1 

23.5 

44.2 

0.55 
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191.3 mg. per 100 cc. An average of 50.7% of the e.\'creted drug ivn? 
in the acetylated form vdth figures varying from 16.4% to 714%. 
Daily excretion of the drug varied from 26% to 82% of tlie ingested 
dose. One patient (No. 45) who received 25 gm. of sulfainerixine 
sodium intravenously excreted the amazingly high total of 13.00 gin. 
of the drug in the 2d 24-hour period after the infusion. 

B. Distribution* of Sulfamerizixe in* Various Body Flitd.s. I. 
Cerebrospinal Fhiid. Twelve patients (Table 3) were divided into tivo 
groups in order to study the concentration of the drug in cerebrospinal 
fluid. The first group of 7 patients (Nos. 32 to 38, inclusive) were 
individuals without meningeal infection, to whom a single dose of the 
drug was given. Cerebrospinal fluid and blood specimens were then 
obtained at varying time intervals. Three hours after the oral adminis- 
tration of 3 gm. of sulfamerizine, the ratio of the cerebrospinal fluid 
level of free drug to that in serum was 0.09. After 6 hours the figure 
had risen to 0.1, and after 12 hours the cerebrospinal fluid concentra- 
tion was 0.17 of that in serum. In 24 hours and after two 3 gm. doses 
the ratio was only slightly higher. The second group of c.ascs included 
5 persons (Nos. 19, 25, 39, 40, and 41) with meningeal infection under 
active treatment. Here the results were quite varied and the ratios 
ranged from 0.14 to 0.66. 


Table 3.— Fhee Sulfamehizike Concentiiation in Various Bonv IYuir^ 


Body fluid 
Cerebrospinal 
fluid 


PHiral fitnd 


fluwi 



Iloure 


titter 


initial 

No. 

J’litient 

dose 

32 

F. .M. 

.1 

33 

P.L. 

0 

34 

V. A. 

12 

33 

H. A. 

12 


P, L. 

12 

37 

F. Y, 

12 

38 

E. n. 

2i 



[18 

sn 

A. W. i 

1 

136 

1 

i 

10 

1 

H. -M. 

•IS 

25 

M. a. 

40 

K. D. 

30 

41 

L. C. 

J5 

•j2 

A. Ci. 4S1I 

42 

A. .1. 

12 

43 

n. I'. 

12 

44 

f. 

12 

4.> 

K. O, 

12 

4^ 

It. s. 

12 



Total 

Sfrimi 

No. of 

da><- 

(mK. per 

do«es 

(Km.) 

ino cc.) 

1 

.3 

11.0 

1 

.3 

14.8 

1 

3 

18.4 

1 

.3 

1.5,0 

1 

3 

11..’-. 

I 

3 

14.0 

o 

r> 

22 5 

o 

6 

To’:* 

(i.v.) 

4 

1 4 

10 0 

(i.v.) 

4 

(p.o.) 

8 

11 

ItKl 

10 

10 

8.8 

4 

8 

8.0 

«> 

IJ 

tn 0 

(I.v.) 

:v> 

37 

If) r> 

\ 

3 

:> 0 

I 

3 

S 4 

1 

:t 

4 4 

1 

3 

0 4 

I 
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Body fluid 

Cotirmlratio' 

(mit. per 

rntio (I'Oilv 

100 cc.) 

fluid 

i.n 

0.00 

i.r, 

o.in 

3.2 

0.18 

.3.0 

0.2.1 

1.3 

0.11 

3.2 

0.22 

4.4 

n.?o 


0.51 


3 0.3,1 


3 7 
1 'J 
I r, 
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f> 14 
n 17 
(\ fA 


r. 

-j 4 
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ft •A 

n -41 
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3 f'. 0 

3D 0 4 1 


11. Plctiral and Ascifif’ Fluid (Table 3). 
penetrate the pleural and peritoneal cnvitie.s readily. In 5 ftatunt' 
(Nos. 42. 43, 44. and 4.5) who received a single oral -3 grn. do-o ail ) 
simultaneous scrum and body flnid specimens taken 12 hour- 
from 0.2 to 0..56 of the <vr»m concentration of sulfanieri'/.itm wn-> fmin' 
in pleural and ascitic fluid. In 1 patient (.No. 22) after '.h gm- * ' 
drug the serum and pleural fluid concentrations were nlrno-t equal. 
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III. Erythrocytes and Blood Serum (Table 4). Simultaneous deter- 
minations of sulfamerizine concentration in serum and whole blood 
were done at different times on 3 patients under continuous dosage. 
These results indicate a Avide variation in red cell and serum concen- 
tration and are consistent Avitli the work of others on sulfadiazine.'* 


Table 4.— Distribution of Sulfamerizine Between Serum and Red Blood Cells 
Sulfamerizine Conccntralion in Mg. per 100 Cc. 


Wliolc blood 


No, 

Patient 

uay ot 
drug 

Free 

Total 

31 

M. G. 

18 . 

21.1 

23.8 

47 

J. M. 

19 

2 

18.1 

13.2 

22.2 

48 

J. H, 

3 

3 

10.5 

4.9 

isls 

6.3 


Serum Cells (calculated) Packed 

. ^ , . , cell vol. 


Free 

Total 

Free 

Total 

(%) 

29.5 

32.6 

7.4 

9.5 

38 

26.4 

29.6 

4.5 

10.0 


17.0 


8.4 


44 

17.2 

loio 

2.0 

Cl 


6.0 

10.9 

2.8 

1 

35 


Discussion. Comparison of this work on sulfamerizine with studies 
by Reinhold ct al.^ on sulfadiazine (making allowances for differences 
between whole blood and serum concentrations) indicates that sulfa- 


mgm/joo cc. 



nierizine is more rapidly and probably more completely absorbed from 
the gastro-intcstinal tract than sulfadiazine. Furthermore, experience 
^'ith continuct! administration has shown that smaller doses arc 
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required to attain and maintain a given blood level with sulfanierizine 
than with sulfadiazine. 

Subcutaneous infusion of sulfamerizine sodium results in serum 
levels closely appro-vimating those obtained when the same dose of 
sulfamerizine is administered by mouth (Fig. 1). Intravenous admin- 
istration of sulfamerizine sodium gave high serum concentrations of 
the drug shortly after injection. Ilowe^'er, the serum concentrations 
and rate of disappearance of sulfamerizine are about the same after 
the first 4 hours following a given dose, regardless of the route of ad- 
ministration of the drug, except for the fact that sulfamerizine is not 
absorbed rectally (Fig. 1). 

Sulfamerizine penetrates readily into the body fluids studied. How- 
ever, in view of the experience Anth sulfatliiazole this should prohahlj 
not be given any great weight in predicting tlie tlierapeutic effective- 
ness of the drug. 

The rate of urinary excretion of both free and acetylsulfameri/ine 
relative to dose is about the same as that found with sulfadiazine.^ 
In view of the greater urinary solubility of both the free and acetylatcd 
forms of sulfamerizine,® the incidence of urinary complications may he 
less than with sulfadiazine. 

Summary. 1. The behaA’ior of sulfamerizine has been investigated 
in 28 convalescent patients serving as controls and in 20 patient'- 
suffering from acute bacterial infections. 

2. The data presented indicate that after a single 3 gm. oral dose of 
sulfamerizine higher blood serum levels are attained more rapidly and 
sustained longer than after similar amounts of sulfadiazine. 

3. Desired serum concentrations can be obtained by giving .snlfa- 
merizine sodium subcutaneously or intravenously, 

4. Sulfamerizine is readily distributed through body fluids and 
enters the red cell in varying concentrations. 

5. Sulfamerizine is slowly c.xcreted in the urine in nmoiinl.'^ rmiglily 
comparable to sulfadiazine. 

Dr. J. Harold Austin. Dircotor of the William Pepper Lalioratorj'. shoned emi«tmt 
interest and made helpful sucRC’tion" donnK the eour>e of this study. 
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CLOT RETRACTION TIME IN THROMBOPHLEBITIS AND 
PULMONARY EMBOLISM 

By J. S. Hirschboeck, M.D. 

AND 

W. L. Coffey, Jh., M.D. 

MILWAUKEE, WIS. ‘ 

(From the Department of Medicine, Marquette University Medical School, and the 
Medical Clinical Milwaukee County Hospital) 

The properties of blood in thrombophlebitis, phlebothrombosis and 
pulmonary embolism have been studied by several investigators, 
notably Lamport,® during the last two decades. Valuable contributions 
to our knowledge of the etiology of these conditions have been made. 
It is quite generally accepted that the blood platelets and plasma 
fibrinogen are elevated in most of these cases, particularly when 
pulmonary embolism has occurred. Barker, Nygaard, Walters and 
Priestley^ have demonstrated statistically that anemia is a definite 
predisposing factor in pulmonary embolism. These 3 hemic factors, 
blood platelets, plasma fibrinogen and anemia, working together result 
in a rapid clot retraction time. 

The clot retraction time has been observed routinely by hematolo- 
gists in the study of hemorrhagic diseases. In thrombocytopenia, clot 
retraction is absent or greatly prolonged. The platelets are considered 
to be essential for the development of clot retraction because of this 
phenomena. Hemorrhage may occur with thrombocytopenia even 
though the coagulation time is normal. On the other hand, thrombosis 
is also usuallj’- associated with a normal coagulation time. This appar- 
ent disparity between blood coagulation in a glass tube and within the 
body has been a problem of great physiologic importance. If a pro- 
longed clot retraction time rather than a prolonged coagulation time 
IS an index of hemorrhagic tendency in thrombocji;openia, it is pos- 
sible that states characterized by hypercoaguability m vim with 
normal coagulation times m vitro may be associated with a very short 
clot retraction time. 

There may be considerable variation in the clot retraction time in 
the^ non-hemorrhagic diseases. Katrakis^ demonstrated that in a 
variety of surgical conditions, more serum was formed during the 
early 15-minute periods after coagulation in those cases exhibiting 
cachexia or infection. Lamport® suggested that these observations may 
explain why some surgical patients have pulmonary embolism. The 
early formation of serum is the result of rapid and strong clot retrac- 
Ijon, and if a thrombus has recently formed in such a patient, it is pos- 
sible that pulmonary embolism is likely to occur because of the great 
ease with which the thrombus detaclies itself from the vessel wall. 

I'lgure 1 demonstrates that short clot retraction times do occur in 
association with pulmonary embolism. The clot retraction time was 
uetormined by the method of Hirschboeck and Coffey.® In 9 out of 
cases of pulmonary embolism, the clot retraction time was less than 
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10 minutes. In the 10th case, the embolism occurred in a decompen- 
sated cardiac patient convalescing from a pelvic operation. The normal 
clot retraction time varied between 25 and 35 minutes. 
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j.'io. I.— Clot rot wt ion timo in pnlmniinry 


MAXI'll'l 

,S(»ItM4L 


The phenomenon of clot retraction has l)cen likened to j 
.Most gels of all types will, after standing for a period J 

retract slightly from the walls of their eontamers. 
retraction is slight and doe.s not equal that jmodiiccd > 
coagulum. The structure of the true gels and a Idoot ^ 

entirely diflerent. 1’he blood eoaguhim is a tangled »»■' ' 
adherent strands of filirin, whereas a true gel has ‘ ‘ 

amorphous structure. .Although coagulated blood may J- 

similar to a gel, it Ls inicro.s-copically quite different. A [ ^ 

e.xplain clot retraction in terms of .synere.si.'. are therefore no 

''“L,n„d, .,s the I.W«I platelets are iav„lve.l i,. the I*;-";";';' 

clot retraction, variations in their miinlicr can he 

the clot retraction time. One would anticipate a .dmrt > * ^ 

time with thromboe\-toMS and a prolonged clot ,/ 

thrombocytopenia. Tliis is evidently tl.e ea.-e 

blood platelets is well above or below tbe a%eMCt h « "■ , jj.. 

ehro,,.'. lettketala with a pI';'':'*'' I™"; ,: J’ v hi. 

clot retraction time was 21 nmlute^. while in tliromb . 5 ^ 

platelet ojiinte of !r*,IHKt, there may he no eh.t retraetaifi. , \: 

Sireme- iP platelet ™mtr .aaa.r only h. the t.e-;all.;l W'-' 
a„,l arc pet er epepaa.er.ai ia the ..nlipary „ .1 

Althopgi. tlellmte elevate. at m f'“; '''r, '“ 7." ,,.,ly -li.-l.'l. 
(luring acme inb'^’tions. tbev are to .iti 
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affecting the clot retraction time. Anemia and a high fibrin content 
are more important in the speed and degree of clot retraction in these 
conditions. 

The sedimentation rate of erythrocytes is, for the most part, deter- 
mined by the fibrinogen levels of the blood plasma." When the fibrin- 
ogen increases, the sedimentation rate is more rapid. Therefore, blood 
with a rapid sedimentation rate contains more fibrin when in the 
coagulated state. It is this increase in the fibrin matrix of the clot 
wliich is probably responsible for its more rapid and more forceful 
retraction. 

Tabi.e 1.— Sedimentation Rate and Erythrocyte Concentration in 
126 Clot Retraction Time Determinations 


Clot 

R.B.C. m 
lipmatoorit 

UncoiicclPcl 

C'oiipclril 

No. of 

relracdoii 

(%) 

scd. late 

hod. jatc 

CHhet, 

6-10 min. 

39 9 

40 4 

28 4 

16 

11-15 “ 

37 4 

35 4 

24 5 

30 

16-20 “ 

45 1 

27 6 

24 1 

25 

21-25 “ 

44 4 

22 7 

19 9 

21 

26 min. and lieyond 

49 0 

15 4 

16 8 

34 


Anemia is generally regarded as a contributing factor in the 
development of pulmonary embolism. With anemia, the erythrocyte 
concentration, as measured by the hematocrit, is below the normal of 
45%. lirythrocytes play an entirely passive role in the process of 
coagulation. After tlie clot is formed, they, togetlier with the serum, 
fill up the spaces between the tangled network of fibrin. When retrac- 
tion takes place, the fibrin strands come in closer relationship to each 
other and shrink down on the entrapped erythroc^'^tes, and at the same 
time force the serum out of the clot. In anemia the plasma portion of 
the blood with its dissolved fibrinogen is proportionally much greater 
than the erythrocyte percentage. Coagula of anemic blood contains 
more fibrin, more serum and less erythrocytes than normal blood. 
Wlicn these clots retract, the amount of inert erythrocyte bulk filling 
the spaces between the mesh is less and the amount of fibrin is more 
than normal. There is then a moi’e likely probability of rapid and 
l)owerful clot retraction. In erythremia the reverse is the case, and 
here, as might be expected, retraction is ^'ery slow or does not take 
place at all. 

This relationship of sedimentation rate and erythrocyte concentra- 
tion, us measured by the Wintrobe and Landsberg® technique to clot 
retraction time, is demonstrated in Figure 1 . 

Heparin as well as other anticoagulants (sodium citrate, sodium 
fluoride), when used in amounts not large enough to inhibit completely 
coagulation hut merely to delay it, Avill prolong the clot retraction 
t'nnc. The effect is also produced with heparin Avhen it is given intra- 
venously. Small doses of 100 mg. given at daily intervals will prolong 
the clot retraction time into the normal range. The mechanism of 
action of these anticoagulants on clot retraction is not known, but it 
apjiarently lic.s in their stabilizing effect on the blood platelets, reducing 
their physiologic activity with a resultant thrombocvtopenic-Iike effect 
on the blood. 
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Summary. Hemodynamic factors, local tissue and x ascuiar trnuinn 
are of great importance as etiologic factons in the development of 
phlebothrombosis and pulmonary embolism; but anemia and elevation 
of blood fibrinogen and platelet levels are also of major imjmrtanee 
and these working together result in a rapid and powerful elot retrac- 
tion. The strength and rapidity of clot retraction is perhaps respotisihle 
for the loosening of thrombi from vessel walls and explains the e<nn- 
cidence of short clot retraction times with the occurrence of pulmonary 
embolism. Small amounts of lieparin greatly prolong the clot retrac- 
tion time; the propiiylactic use of heparin in patients with short elot 
retraction times should reduce the incidence of pulmonary emladism. 

REFERENCES 

1. Babkeh, N. tv., Nycaakd. K. K.. tt'Ai.TEn'*. tV„ nnrl PniKSTi.EV, J. T.: Prix-. 
Staff Meet. Mayo Clin., 16, 769, 1940; 16, 1, 17, ,a.a. 1941. 

2. Haso T. H., and Curtis, F, C.: Medicine, 17. 4. 447, 19.7S. 

3. Hibschboeck, J. S., and Coffey, tV. L., Jr.; Arrh. Path., 33. 3So, 19J2. 

4 . Katrakis, K, G.: Klin, tVehnschr., 10, 34, 1578, 1931. 

5. Lampert, Vok H.; Mcdizinischc Kolloidlehre, Dre‘«len, VcrliiK von Tlnsxlor 
Steinkopfl, 1935. 

6. tViKTBOBF., M. M., and Landsbero, J. tV.: .tM. J. Med. Sci., 189, 10,3, 193.5. 


A CASE OF EXTREME HYPOTENSION FOLLOWING ACUTE ARSENIC 
POISONING WITH ADEQUATE BLOOD SUPPLY TO THE 

TISSUES 


By Irvine H. P.tGE, M.I), 


R. D. Taylor. M.I). 

AND 

K. G. Koin.STAEi)T. M.I). 

ISDlANArOU?, !ND. 


(From the Liily L.al)orator>' for Clinical RcPC.'irrli, Indi.mnpolis City no'pitail 


The effect of prolonged periods of excessively low arterial pre,ssnre 
on animals and man has been a subject of interest for many years. 
Recrudescence of investigation on this subject in its relation-hip to 
shock has made it seem desirable to publi.sli observations made on a 
patient recently .stiulicd in the Lilly ('linic. 

This patient was unusual in that the arterial pre.-sure was very low 
for a period of about IS hours, yet he secmetl to suffer no ill rffet l'' 
from it. we believe, hecjiuse the peripheral tissues retriverl adequate 
amounts of perfused blood, despite the low head of pre-sure. In tlii- 
respect the clinical picture rliffers fundamentally from .-hock in wliii h 
the head of prcs.snrc is low hut peripheral perfusion is inadwiuate. 


Clinical Description. .\t 9 p.m. a drsjioiidpnt .39-yp.'jr-o!d Riiitc innlp t'x-*. 
l.i cm. of arsenic trioxide. Within 10 niinuUs, he liocan vomitinc and rt if.upr 
and had Woodv diarrhea. M II p..u. he %valkwi into the rpceivinc vard <•. 
IndLanapoIl- Citv Hfh-pit.al. Hi- stomach %vas wa-htri lulh IW) cp. o. t ;li 

Dota'-dum pcnnancanatp solution and WX! rc. of nontn! raline vs- ‘ 

a? an intravenous infurion. Hi= arterial hlwj pre-ure w.a<r G, ^ 

pulce rate 94, tempratnre 9S.S= I . One liter of d^xtro^e m - xt . 
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was added to the infusion at 2 a.m. Mental confusion was noted during the 
night. At 9.16 a.m. his arterial blood pressure was 45/0 mm, Hg; pulse rate 98. 
At this time, he felt well and was able to walk and converse. He was a little 
cloudy mentally, but this confusion w'as due to a psychosis that later became 
evident. At 9.30 a.m. he voided in bed. At 10.30 a.m. he was transferred to 
the Lilly Clinic. He sat up on the cart, walked from the cart to bed with no 
assistance. His temperature was 97.8, pulse rate 114, respiratory rate 26 per 
minute and arterial blood pressure was 38 mm. Hg. 

The physical findings were hypotension, generalized flushing of skin, absent 
pupillary light reflex with accommodation reflex present, distant first heart 
sound and barely audible second sound. Pulse rate was 114. Blood Kline and 
Kahn reactions were 4+. Red blood cell count was 6.27 million; Avhite jjlood 
cell count 21,400; hemoglobin 90.3%; hematocrit 36.0%. Total plasma pro- 
teins were 7.2 gm./lOO cc. Blood urea nitrogen 37,6 mg. per 100 cc.; blood 
chloride 584 mg. per 100 cc.; blood calcium 9.1 mg. per 100 cc.; blood phos- 
phorus 4.9 mg. per 100 cc.; venous blood COj combining power was 30.8 vol, 
per 100 cc.; arterial CO 2 combining power was 29.3 vol. per 100 cc. 

Skin temperatures rvere 33.75° C. on left arm; 33.0° C. on right aim; 36.0° C. 
on left abdomen; 35.5° C. on right abdomen; 33.25° C. on left leg, and 33.5° C. 
on right leg. 

The ECG was interpreted as being normal and ballistocardiographic trac- 
ings were noimal with pulse rate of 112; stroke volume per 1.73 sq. meters 
body surface was 82 cc. (normal 70 cc.); and cardiac output 5.3 liters per 
1.73 sq. meters/minute (normal 2.8 liters). Peripheral resistance (R — 3 
Pm/CO) was 17 (normal 100). 

Peripheral pressor substance as measured by perfusing plasma through an 
isolated rabbit’s ear and ascertaining the amount of vasoconstriction^ was 
comparable to normotensive person’s during the period when the patient’s 
arterial blood pressure was 48 mm. Hg mean pressure and later 60 (76/44 
mm. Hg). Renin-activator as measured by the activation of human renin in 
a pithed cat was present in amounts comparable to a normotensive. 

With so many normal findings in a patient apparently little disabled by the 
poison, the accuracy of the auscultatory measurement of arterial blood pressure 
was questioned. A 19-gauge needle was inserted into the femoral arterj' and 
connected to a mercury manometer. Mean arterial blood pressure was 30 mm. 
Hg. Intravenous angiotonin (4.5 cc.) given over 5 minutes time gave a rise 
in mean pressure to 98 mm. Hg with no change in pulse rate. Intravenous 
injection of 3 cc. of 1:10,000 adrenalin given over a 2-minute period gave a 
rise in mean pressure to 136 mm. Hg and tachycardia of 140. At the completion 
of these studies, it was 12.30 p.m., or 15i hours since ingestion of arsenic. The 
patient had become anuric. As noted above, he voided in bed at 9.30 a.m. 
There is no way of knowing how long this urine had been in his bladder. 

During the morning he was cooperative but talked with slurred speech of 
grandiose matters. He ate an egg sandvdeh and drank 2 glasses of milk. 
Iminediatelj' following this, he had a chill lasting 20 minutes. His temperature 
rose to 103° F. His arterial pressure varied from levels which were imperceptible 
by the auscultatory method to 40 mm. Hg systolic, levels too low to filter 
urine through the glomeruli of the kidnej'-s. Following the chill, he became 
more irrational and quite violent, necessitating restraint. At 4.45 p.m. an 
infusion of 1000 cc. of normal saline was started. Three hours later he w'as 
miiet and cooperative. He had a bloody stool, the first time since admission. 
He was still anuric with systolic blood pressure of 40 mm. Hg. At this time an 
infusion of plasma was started simultaneously with an infusion of 500 cc. of 
nonnal saline containing 50 cc. of angiotonin. Tne blood pressure was main- 
tained at 70 to 100 mm. Hg systolic by regulating the drop rate of angiotonin. 
Un one occasion the inflow of angiotonin was increased to elevate the arterial 
blood pressure to 130/80 mm. Hg. At this pressure level, he talked in a wild 
in.annor, struggled and fought the attendants. By decreasing the infusion 
rate, blood pressure was reduced to 70/40 mm. Hg. He became calm and quiet 
but was still grandiose. 
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stroke volume and rate, while peripheral resistance was only about 
one-fifth of normal; in short, conditions making for excellent perfusion 
of the tissues. 

The renal vasopressor system was apparently not called into play 
by the reduced pressure, as no increase above normal in either the 
peripheral vasoconstrictor substance or renin-activator was found. 
Peripheral vasoconstrictor substance (P.V.C.S.) has been found by 
Page^ in the plasma of hypertensive patients and animals and in normo- 
tensive animals after injection of renin. Its chemical nature is not 
known. It is determined by perfusing small samples of the unknown 
plasma through an isolated rabbit’s ear perfused with blood. When 
plasma containing or forming peripheral vasoconstrictor substance 
(P.V.C.S.) is injected, immediate constriction occurs in the vessels of 
the ear. 

Renin-activator was determined because several years ago it was 
shown® that in hypertensive patients the amount of it is increased. 
Presumably this increase is a response on the part of the liver to the 
increased need for this substance, for it has been shown that the liver 
is the source of renin-activator.^ 

The response to intravenously injected angiotonin was excellent and 
it was possible to keep the arterial pressure elevated by simultaneous 
injection of angiotonin and plasma. The maintenance of pressure was 
evidently largely due to the angiotonin because when it was tem- 
porarily discontinued, despite continued administration of plasma, 
the arterial pressure fell. Since the heart rate did not rise during the 
angiotonin administration it seems reasonable to suppose that the 
elevation in pressure was due to increased arteriolar resistance and 
augmentation of the force of the heart beat.® In fact, after the blood 
pressure had been restored to nearly normal, the peripheral resistance 
rose from 17 to 53. 

Since the blood pressure was well below the level necessary for 
glomerular filtration, it is not surprising that there was a period of 
anuria. This was followed by partial reco^'ery of renal function and 
blood flow by the 4th day after poisoning. 

This clinical experiment suggests to us that arterial pressure may 
be profoundly reduced without serious damage to tissues other than the 
kidneys if tissue perfusion is still adequate. 

^^’e have searched the literature for similar studies on the effect of 
arsenic trioxide and other arsenic compounds on arterial pressure. A 
few suggest that these substances elevate blood pressure and a few 
tiiat they lower it. None carry conviction. 

It is interesting that the patient suft’ered from general paresis and 
that many of his mental sjunptoms were expressions of that disease. 
.•\dministration of large amounts of inorganic arsenic appear to ha^•e 
reactivated the disease, a not uncommon occurrence seen in ill-advised 
therapeutic attempts with organic arsenic compounds. 

Summary and Conclusions. A paretic was studied who took 15 gm. 
of arsenic trioxide with suicidal intent. We were amazed to find that 
he Was able to walk and woperate despite the fact that mean intra- 
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arterial blood pressure was only 30 mm. Ilg. The other striking feature 
was that tissue perfusion seemed excellent; the only function a})pearinp 
to suffer being the ability of the kidneys to secrete urine. 

The patient was able to maintain adequate perfusion of the tissue 
by doubling the output of the heart and greatly reducing peripheral 
resistance. The renal vasopressor system did not respond to the hy}K>- 
tensive stimulus possibly because pulse-pressure was not redumi. 
Infusion of angiotonin and plasma restored the arterial pressure to 
normal after a period of about 18 hours severe reduction. 

The patient seemed to have few illndFccts from tJiis episode except 
that, associated with it, reactivations of general paresis f)ceurred, from 
which he had previously suffered, leading tf) his death. 

This clinical e.Vj)eriincnt suggests to us that reduction in arterial 
pressure need not lead to serious consequences if the jjerfusion of flic 
tissues remains adequate. In this respect the clinical picture was the 
reverse of shock in Avhich both arterial pressure and ti.<suc jierfusion 
are severely reduced. The importance of obtaining better tissue per- 
fusion in shock rather than elevating arterial iirc-^sure— the converse 
of the hemodynamic state in our patient— is suggested by these oh-erva- 
tions. 
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ESTROGENS AND ANDROGENS 

By S. Charles Freed, M.D. 

MT. ZION hospital, SAN FRANCISCO, CAL. 

Estrogens. Comjjoxmds. Following the clinical availability of pure poten- 
cstrogens there were published numerous enthusiastic reports on the suc- 
cessful treatment of a wide variety of endocrine and non-endocrine condit 
tions. There has been sufficient time now, however, for the resulting con- 
fusion to have cleared considerably, and the actual worth of estrogens to be 
evaluated on a relatively sound basis. In the past few years, estrogen 
therapy has been firmly established on a scientific rationale and additional 
experimentation has furthered our knowledge of this subject. Some of 
the more recent developments are centered on improving the known 
estrogens for therapeutic purposes, as well as the introduction of entirely 
new compounds. The two most commonly used natural estrogens, estrone 
and estradiol, have been modified in several ways so as to render them 
more efficient. The methods used in modifying these estrogens rest upon 
tlie fact that they are rather readily destroyed when introduced into the 
animal body. It has been conclusively demonstrated that they are 
destroyed by the liver, either by conjugation with glucuronic acid or 
through alterations to metabolic by-products and e.vcreted in such forms. 

Estradiol can be combined with certain common inert substances so as 
to lessen the destruction by the body. Thus, the compounds estradiol 
benzoate and dipropionate are more efficient than the free compound, 
because of the fact that these compounds have a decreased rate of absorp- 
tion at the site of injection so that the estrogen enters the blood stream 
at a slower rate and over a more prolonged period of time. This mechan- 
ism rcsemhlcs that of the ovaries which also elaborate estrogen in rela- 
tively small amounts but at a slow rate. Estrone cannot be combined 
"ith inert substances with advantage and therefore suffers in this respect. 
•Vnothcr compound of estradiol, recently introduced, is ethinyl estradiol 
wliicii is apparently more potent by mouth than any other compound of 
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estradiol. This preparation was designcti to meet the increasing demand 
for more convenient estrogen therapy which is made availn!)!e throneh 
oral administration. In this respect, one of the newe.st availahle natnnd 
estrogens is estrone sulfate. Tills siihstance occurs in the urine of prec- 
nant mares together wth sulfates of the other naturally occurring 
gens. From laboratory c.xpcriinenfs, it is claimed that this compound is 
.3 times as potent orally as free estrone. In human e.vperimcnt.s it li.i'. 
been proven to be potent by mouth in dosages somewhat .<!inallcr than one 
would expect by application of laboratory data. 

Probably the most efficient means of supplying estrogens for clinic.d 
purposes, where long-continued applications are desired, is with the U'C of 
crystals of estrogens or pellets made from crystals, which are infrodiieed 
by subcutaneous implantations. Since the estrogens are steroids and 
water-insoluble, these implants dissolve slowly in tlic tissue fluids at tin- 
site of implantation, and therefore are absorbed very slowly info the blocxl 
stream. Such implants will produce an estrogenic efieel os-cr long perio<N 
of time without additional therapy. Bennett and Te Linde" maintained 
that of all the methods of estrogenic therapy they have used, the one 
using the implantation of crystalline estrone is the most elTcctive niedifxi 
yet devised for combating the menopausal syndrome, where long-<-on- 
tinued effects arc desired. These authors did not use any other n.-itiir.-d 
estrogens in pellet form. It has been reported, however, that pellet.'' 
may fail to be absorbed after some time becaui^e of the connective ti-'iie 
scarring about the pellets. Another disadvantage to pellet implantation' 
is the inconvenience of this type of therapy, although the technique u*e<! 
formerly by incision has been supplanted b^• the use of large bore needle' 
with a trocar for inserting the pellets. Physician.s .«cem, however, loathe 
to use pellet implants in general practice. For this purj)o«e, therefore, a 
method has been devised which utilizes the principle of crystal imjil.'inl.-t- 
tion, but by simple intramu.ecular injections rvith an ordinary .syringe. 
Thus, estrone cry.stals have been su.spendc<l in aqueous solution.*' 'Ihi' 
material is dra^\Ti into an ordinary .syringe and injected inlrnmti'cularly. 
The aqueous medium is ab.sorbcd rapidly leaving a small dcjxeit o, 
crystals. ^Mu'ic such a technique docs not, of course, parallel the 
following the deposit of large pcllct-s or a large amount of rry.'tals it appMe- 
to be the most satisfactory method of administrating estrone \\itli an 
ordinary s\Tingc. In addition, the use of an aqueous .'usp'-n'inn of 
crystals docs not introduce the pos'.ibility of .'.ensitivity reaction' to tls- 
oil vehicle common to most injectiihlc estrnpeus. 

Great strides have been made witli the intrfMlucfion of synthetic r-tn" 


gens. Not only ha.s thi' rcsultctl in the availability of estrogen' .at »•<?>• 
nomic cost, but has opcnctl up new fields for estrogen therapy fwann e 
of the case of administering Large dos.agcs of csfrrtgcri'. These 'ynthet- 
estrogens may be and most commonly are, administered ly ino'i!/. 
.Most attention has been given to the first highly p)tent syntlietie e-frog' n 
developctl. namely diethylstilix'strol. This e-tmgen prepartai from jv n- 
biologic materials is rap-able of prwhicang inoit of the phy-iologie e-nr^- 
of natural ("trogens. There is -ome .slight difTerrnee in tin- ^ 

and phannaeologic reactions of fliis rnateri.al from th.it rif tl.'- n-.’iiri. 
estrogens. There tv.'ts eon'ideralde rr-i'tanee in tbi' taiiintry to ?'*■ 
ccptance of tht' stif>-tanrc fwe;tU'e of tfie e.arfy rej»-)r'« rega.'d.nr^ ! 
posiblc toxicity .siriee exfx-.riment.al work fi.ad fl-morotraitsi t. at ^ 
compound might impair tlw function of the U'.'r .arn! ’ 

cause certain unpleasant synqnom' follrusing it' adtinrr'T.ttio'! iv. s 
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Both the Food and Drug Administration and the Council on Pharmacy 
and Chemistry have accepted this compound on the basis of clinical and 
laboratory reports which claim that this compound is no more toxic than 
natural estrogens in equivalent dosages.®^ Since its official acceptance, 
only two reports have appeared which would indicate the possibility of 
harm arising from its use and these reports concern 2 cases where allergic 
response to diethylstilbestrol were encountered. The origin of nausea and 
other disagreeable symptoms which are relatively frequent complications 
of diethylstilbestrol therapy have been shoAvn rather satisfactorily to be 
on a physiologic basis of non-specific nature rather than from any patho- 
logic lesion.22 Thus, Freed and associates have maintained that nausea 
following diethylstilbestrol administration is a result of its rapid absorp- 
tion into the blood stream giving rise to symptoms which could be ex- 
plained on the basis of water retention in the tissues. Thus, headache is 
produced by cerebral edema, nausea from edema of the gut, etc.^® When 
the absorption of diethylstilbestrol is delayed through combining it with a 
fatty acid, toxic symptoms are reduced, Greene and Ross have demon- 
strated that diethylstilbestrol dipropionate gives rise to disagreeable symp- 
toms less than half as frequently as the free compound.®^ In this respect, 
Freed and associates have shown that diethylstilbestrol dipalmitate gives 
rise to little or no disagreeable symptoms and has a remarkably prolonged 
beneficial action in the menopause because of its unusually slow absorption 
at the site of injection. 

Diethylstilbestrol has also been used in the form of pellets, but this 
does not appear to be satisfactory, inasmuch as oral therapy is more 
readily controlled and quite convenient.^^ Considerable experimentation 
has been made with the monomethyl ether of diethylstilbestrol or methyl- 
stilbestrol. There is some controversy as to its advantages over the free 
compound. Dihydrodiethystilbestrol or hexestrol has also been used. 
There is some evidence that this is somewhat less toxic than the parent 
compound, although it is reported in this country to be from one-fifth to 
one-tenth as active. An entirely different synthetic estrogen has been 
recently made available commercially. This compound is called Octofollin 
(USB) and has no relationship diemically to diethylstilbestrol or the 
natural estrogens. It has the formula 2, 4-di (para-hydrox3T)henyl)-3- 
ethyl hexane. It has been shown to be a potent estrogen by laboratory 
and clinical experimentations.^®-®® Robson and Schonberg have introduced 
another new estrogen which has a prolonged action when given orally.®® 
It is a derivative of triphenylethylene with the formula, alpha, alpha-di- 
(para-ethoxyphenyl) beta-phenyl bromo-ethylene. This compound is 
called for convenience, D.B.E. This substance is the only estrogen 
known that has a prolonged action when given by mouth. It is thought 
to be stored in the body and released slowly to produce its prolonged 
cfTcct. There are as yet no clinical reports on this substance. Still 
another estrogen of promise, which has been shown to be effective in rela- 
tively small doses, is S-di-p-hydroxy-phenyl-A BS hexadiene or more con- 
viently “dinestrol.” Barnes has shown it to be about 10 times as potent 
ns diethylstilbestrol in the suppression of lactation when administered bv 
month.® 


rhcrapii. Following the initial deluge of reports on the use of estrogens 
for a wide variety of conditions, there has developed a far more sound 
point of view on the indications and contraindicjitions for estrogen therapy. 
Most authorities, including the Council on Pharmacy and Chemistry, 
have rccogni7.cd that estrogens are worthwhile in conditions such as the 
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menopause and its complications, senile vapnitis, kraunois. and -onnr- 
rheal vaginitis of infancy. With the introduction of higlicr do-acc forn^ 
of estrogens following the development of the synethetic-s, the Conruil 
included in its list of indications the suppression of lactation and preven- 
tion of painful breast engorgement. A minibcr of other nmditions ha\e 
been subjected to therapeutic trials ivith estrogens with promising results, 
although definite conclusions cannot be dntwn as to the ultimate \alne 
of such therapy. These conditions are functional uterine bleeding, dy- 
menorrhea and a variety of non-cndocrine disonlers. 

In the treatment of menopausal .symptoms, estrogen therapy is mi a 
far more satisfactory basis than before. The .synthetic estrogvns liaie 
offered ine.vpensivc products with a wide flexibility of range for admini- 
tration. The oral administration of .such estrogens relieves the patient 
of frequent n’sits to the physiemn for hypodermic injections. It i^ erm- 
sidered advisable to administer .such estrogens cyclically with frequent 
rest periods. The commonly used synthetic diethylstilbf^trol has an 
average dose of 0.,5 to 1 mg. daily. The chief disadvantage of this com- 
pound is the development of nnplca.sant .symptoms in a significant per- 
centage of patients. While no actual tissue damage is produced the un- 
toward symptoms may cause many patients to refuse to undergo such 
therapy. It is known that the incidence of the disagreeable s.vmp|nm«. 
chiefly nausea, diz5!ine.ss and headache, is in proportion to the sire of the 
dose. Therefore, if therapy is startcil with .small ainoimt.s, .some jiatients 
may be spared the development of these reactions. ICnteric coating, bile 
salts, alkali and various other procedures claimed to eliminate the toxieitv 
are of doubtful value in view of the fact tliat tliese .symptoms are of .s\s- 
temic, not local, origin. 

The use of other compounds of stilbcstrol has been tried to a consider- 
able c.\'tent. Hcxcstrol is effective in doses which arc coii'ideraidy greater 
than those of diethylstilbcstrol. This, however, .should eaii'-e no objec- 
tion because the cost of the active material is praefieaily in'ignificant in 
therapeutic doses. Freer! and n.s,sociatos found that 2..'> to mg. ilaily "f 
he.xcstrol is the average therapeutic dosn.^'”' Uiercti and ('ompioa’ 
found that 10 mg. daily appears to be a .satisfactory do-e. The ineidem*' 
of toxicity is reportwl to be somewhat less than for diethyl'tilln'itrnl 
Mcthylstilbcstrol has also proven to f>e an effective C'-trogen. t- 

.some disagreement, liowevor, as to the nelmd potency of thi^ inatiri.d 
Gcschickter and Byrnes-’ maintain that 2 mg. riaily is an effect i\e do '' 
which is nbo cfjuivalent to that of dietliylstillK‘-,trol. .\f)arlian'i‘ ni.u'ii- 
tains tliat tfie niorionictfiyletlier is one-fifth as active as the p.irefit ttiin- 


pound. 

Oral estrogens otficr tfian the .stiibenes ha\e !>een de\elojM-d v,fii(h m.') 
prove sati'factory. Octofntfin i-. approxhnatefy nni'-tiatf as a< tire n> dr- 
othylsfilbcstroi, according to Freed and associates.-' In liicnije ntie d<f <'• 
there are relatively few toxic reactions. Tfn-e rt-sidts liavc not li'-'n ">'*• 
firmcriasyct in piddisficrf articles wfiile 'I’aylor and ^^lomp'on"' }i.c.cr!’.'"d 
to confirm these rcsidt.s. .\s yet this eomrKinnd fias only Ix’-n n-'d I'l tr <- 
treatment of the menopau-e. Menopaii'al patients fiare issn «-r>' >■'»’• 
tered where blerslini: ajipcartsf following fK-t/dolliii tlnr.ipr .and fie- .ui'l'' 
lias Iteen able to induce blersfing in a few e:i-<s- of amcnnrrfi'-.i. 

The n.atural f>r:d i-trogens in the newer tre.ifnieni of th'- r 
arc etbinvl ostrarlio! and »‘stntne 'uffatc. While tie re is fyr.‘. <!<■'■' 
evidence that the fonner i- active in iio..-s of <t to 1 mg d id*. , f-hj-re c 
evidence ih.at at thi' rbrsage fcvel the rmtrriaf rn u h- tone ned ft e-e 
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possess no advantage over the stilbenes.®® Estrone sulfate has been avail- 
able on the market too recently for a complete evaluation. Nevertheless, 
the early evidence points to the fact that in the dosage of 1 mg. daily, 
most patients will obtain satisfactory relief from their symptoms.^’ It has 
also been noted that patients may prefer this estrogen to some of the stil- 
bene compounds because it gives a greater sense of general relief. It has 
been suggested that while diethylstilbestrol may eliminate some of 
the symptoms of menopause, such as hot flashes, they fail to give this 
feeling of well-being. It is possible that it often induces a low grade toxic 
reaction which is insufficient to be considered definitely a disagreeable 
symptom such as nausea or headache, but is interpreted by the patient 
as a failure to feel well. 


The use of pellet implants is a most efficient form of therapy, since 
the administration of 25 to 50 mg. of an estrogen in a pellet Avill afford 
relief for a number of months without additional therapy. In fact, 
Salmon and associates®® maintain that the implantation of estrogen crys- 
tals before castration will prevent the appearance of symptoms for many 
months, and as long as 2 years in a number of patients. Bennett and 
Te Linde® recommend pellet implants of estrone as the most effective 
method devised for combating the menopausal syndrome. However, 
pellets are not yet available on the market. There is a possibility that 
some of the estrogens may be improved further so that even pellets may 
not be considered to possess advantages. In this regard, Freed and 
associates have introduced diethylstilbestrol dipalmitate.^® This com- 
bination of estrogen with a relative high fatty acid was injected in dosages 
containing 5 mg. of the active compound 3 times at weekly intervals. 
The period of relief from symptoms following cessation of therapy aver- 
aged 8 to 9 weeks. In some unpublished w'ork the author has found that 
one injection of a 5 mg. dose in about 200 instances produced relief, on 
the average, for 5 weeks. It is obvious that compounds developed along 
these lines with, for instance, even higher fatty acid esters may be even 
more effective, or that an injection of 10 or 15 mg. will produce results 
equivalent to that of pellets. 

The ability of estrogens to suppress lactation has been establi.shed 
rather satisfactorily following the introduction of the synthetic estrogens. 
Biethylstilbestrol, chiefly, has been used for this purpose.^ '® ®'^ The natural 
estrogens appear to be equally effective, but have the disadvantage of 
being costly. Inasmuch as lactating women are tolerant to diethylstil- 
bestrol compounds, there appears to be no drawback to the use of these 
synthetic compounds in this condition. It has been adequately proven 
that the administration of these estrogens is more effective in the early 
postpartum period, and that the estrogens have little effect on lactation 
where nursing is maintained.' Dinestrol has been shomi to be 10 times 


as potent as diethylstilbestrol in suppressing lactation.® 

Estrogens have been demonstrated to be effective in relieving the pain 
of patients with dysmenorrhea. The administration of estrogen for this 
purpose depends, according to some workers, upon suppressing ovulation.®® 
Ihe material is injected or administered orally in the first 2 weeks of 
menstrual cycle, thereby suppressing the gonadotropic hormones of the 
anterior pituitary so that the subsequent menstrual period becomes ano- 
vulatory preventing the pain which has been claimed to be dependent 
apon the pre.sence of the corpus luteum. Hirst and associates®® have 
obtamerl satisfactory results with this therapy but do not agree that relief 
IS due to suppression of ovulation. 
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olism to ovarian function. They have shown that there is a loss of 
calcium from the bone after ovarian failure and that many of the fractures 
of elderly women were due to the resulting porosity of the bone. They 
demonstrated that estrogen administration produces a more rapid healing 
of such fractures, due to the increased deposition of calciurn in the bone. 

Albright and workers^ have demonstrated an interesting sjmdrome 
characterized by sexual infantilism together with dwarfism. This sjm- 
drome has also been described by Varney, Kenyon and Koch.®^ Treat- 
ment of this condition may be satisfactorily performed by estrogen. 

Salmon and coworkers®® have described a syndrome characterized by 
(lysuria and incontinence in postmenopausal women due to atrophy of the 
\irethral mucosa and impairment of sphincter function. Estrogen therapy 
brought relief to most of these patients, which was paralleled by growth 
changes in the vaginal mucosa. 

Considerable interest has been aroused in the possibility of treating 
cancer of the prostate by endocrine preparations. Associated with this 
particular kind of malignant neoplasm there is often an increase in the 
acid phosphatase of the blood, especially if metastases have occurred. 
The administration of estrogens is followed by a reduction of this acid 
phosphatase and by an improvement in the clinical condition of the patient 
in the majority of cases. Huggins and associates,^® who demonstrated 
that estrogens (“chemical castration”) were of value in relieving the pain 
and bladder discomfort, also demonstrated the beneficial effects of castra- 
tion in this condition. In a symposium at the 1942 A. M. A. Session, 
Alyea and Henderson^® claimed that castration caused marked improve- 
ment in many of these patients, as well as relief of pain from metastases, 
urinary obstruction and infection. Diethylstilbestrol was of value but 
not as effective. Creevy,^®“ however, was not as enthusiastic over these 
forms of therapy, but recognized them as palliatives in the late cases. 
Thompson®®® considered orchidectomy and diethylstilbestrol as valuable 
adjuncts to prostatectomy. Nesbit and Cummings^®® believed castration 
a worthwhile procedure in advanced cases w'hen little aid 'was obtained 
from diethylstilbestrol therapy. Gutman®^® regarded the data on diethyl- 
stilbestrol therapy as inconclusive. Apparently, dosage and appraisal of 
results are variables wliich must be controlled rigidly for better evaluation 
of the therapeutic response. The common factor in castration and estro- 
gen therapy is the cancellation of androgen secretion of the testes which 
may stimulate the growAh of prostatic cancer tissue. 

Siandardizaiion. Several investigators have recently expressed the 
opinion that the therapeutic efficiency of an estrogen can be judged only 
by trating its potency in the human. Most claims for the relative thera- 
peutic effectiveness of estrogens have been made on the basis of their 
activity as determined in laboratory animals, principally the rat or the 
mouse. The assumption that data so obtained can be accepted for the 
buinan has resulted in considerable confusion in the standardization of 
e.strogcn therapy. In the first place, results obtained from assays differ 
widely, as indicated by the fact that the rat unit of estrone as determined 
m different laboratories varies as much as several thousand per cent when 
coiuparcd to a weighed amount of crystalline material; the same holds' true 
for as.says in the mouse. The discrepancy in the assay of estrogens in the 
or the mouse cannot be entirely accounted for by "technical differences 
the performance of the assays, and it appears quite certain that each 
Mtam of rat or mouse has a different degree of sensitivity to any one 
'‘^'rogen. Similarly, comparisons of the potencies of diflVreiu estr<n;c^^ 
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such as estrone and estradiol in the same laboratory cannot he jiidted ih 
the true reflection of the relative therapeutic potencies of these MiiNtanre, 
inasmuch as the ratios of activity as determined by different lalwratorifs 
are far from constant. A recent article, a compilation of <iata on thi-. 
subject reported by a number of investigators, illustrates the incon'i^ten- 
cies in animal assays and lead to the conclusion that any statement reganl- 
ing the relative therapeutic activity of estrogens on the basis of animal 
Jissays is subject to considerable error, and assay.s in the human is at the 
present time the only hope for satisfactory tlierapeiitie .standanls of 
estrogens.-' 

Several attempts have been made to assjiy the aeti\ity of iNtrogciis in 
humans. Some investigatfirs have iitiliml change-, in the vaginal mum'.t 
of menopausal patient.s following estrogen administration as an index of 
estrogen activity, much tlie .same w.ay as the caustrate rodent i-, n-(s! 
When it is recognize<l, however, that untreated menopausal patients 
have varying degrees of proliferation of the vaginal mneosa, it dms noi 
appear that this would be a .satisfactory means of assay. There is a lark 
of evidence that the vaginal epithelium of a group of menopausal woinra 
will re.spond to a definite amount of e.strogen xvith a sufficient tlcgrw of 
uniformity. Furthermore, the reading of vagina! smears in the human for 
assay purposes is lia!>Ie to consitlcrable experimental error. Sex end 
authors have e.xprcssed their dLssatisfactinn with the Usc of vaginal smears 
for assay purposes.* ''^ .Vn attempt has been made to utilire the ehaiiges in 
tile menopausal endometrium following estrogen administnition as « 
means of a.ssay.®’ Such a technique is not only cumbersome but is nl'O 
open to more criticism than that mentioned alaivc for the ihe of vagina! 
smears, inasmuch ns untreated menopansai patients may jiosse'S siiffieietit 
degrees of endometrial proliferation and, in fact, liyperplasia.'^ This f.u'- 
tor would interfere greatly xvith n.s,says based on endometrial changes. 

Bennett" has failed to find rclialilc <lnta in human a.ss;iy, of estrogens 
based on four objective tests; 1, x-aginal smears; 2, depression of gonado- 
tropin c.xcretion; .'b estrogen e.xeretion; -f, elianges in the cerxica! gluab 
He believes the suiijcctixc relief of menopausal patients tfie naist reli.ilde 
criteria. Mack and .kle^' used the glycogen ct)ntent of xatrinal sua-.irs 


for ass.'iying estrogens. 

The axithor luvs selected the .subjective rcsjionse of tnenopau-al pi’ani’ 
as an end-jwint in tlic human assay of estrogens. It "as acknmxhdgrd 
that the ex'aluation of such a rcsfmnse tn.ay lie ofi'cured l>y miin'-rti'i* 
uncontrolled factors. Xevcrtfieless, this method bits bmt sclcctexi for tl 
assay for a ntimber of re.a.sons, not the least of xxbicb is the fact tfut t**" 
chief purjxise in administering estrogens is to reliexe tin- in* ndiivt’X 


coinplaint*<i of hvmptoni^ %\hirli urre to pnrliir rfuTU'**' 
environmental nr sr^-ial complications xxerc titU ituludcd in tf*' 
ti-stcd. Tlie patients trcatcff, cotupl.iinc'! of at ha-t tx-.o ff> fesr 
fitishes daily inceilK-r xxitb otlitr symptotris toitimotdv found in ti 
paii'c such as TU'rxoiisnf-". irritaftility .and (motional in-’afe(it.x 
psychic factors st'-or-iatfsl xxitb ant form of themp;. involxinr 


sensations xxerc redtic»si to a tninimuin b\ (limit: stiriu' an> ti ^ 

sugjrestion such a- a promi-c of le m-fi'a.ai n-nlts {,- pjdT^,- ^ ^ 
oinceming the theraputic rc-jjon-cs. In .ado'ltfon tie- ‘ub;--, xv.r t 
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of all the patients were evaluated in as constant a manner as possible. 
Furthermore, the estrogens were administered in several dose levels in 
the manner which is used for assaying estrogens in laboratory animals. 
Three synthetic estrogens, hexestrol, diethylstilbestrol and octolollin, 
were thus assayed. A satisfactory therapeutic dose of diethylstilbestrol 
is 0.5 to 1 mg, daily, he-vestrol 2.5 to 5 mg. daily and octofollin 2 to 5 mg.'^-^® 
Freed and associates'^ have also tested the therapeutic effectiveness of 
a natural estrogen which is administered by mouth. This preparation, 
called Premarin, is an extract containing the sulfate conjugated estrogens 
found in pregnant mare’s urine which probably has the same proportion 
of estrogens as the non-crystalline estrogenic preparation in common use, 
but whose chief ingredient is estrone sulfate. Using the multiple dosage 
method with precautions mentioned, they have found that this substance 
is effective in the daily dosage of 1.25 mg. when administered in 3 doses, 
A somewhat different method is reported by the same group of workers 
for parenteral estrogen therapy, using the relief of subjective symptoms 
of menopausal women as a criterion of effectiveness. The estrogens were 
administered in substantial dosages at weekly intervals for 3 weeks. 
Therapy was then stopped and the period of relief from symptoms, taken 
to indicate the efficiency of the product. Non-specific factors were 
reduced by having the patients return at regular intervals and placebo 
injections administered in order to cancel out the psychic factor involved 
in performing injections. In this manner the authors have tested the 
potency of a number of estrogens, namely, estrone in aqueous suspension, 
estrone in oil suspension, diethylstilbestrol dipropionate and diethylstil- 
bestrol dipalmitate,^^'^®’^® By this method they showed that estrone in 
aqueous suspension was more effective than estrone in oil suspension and on 
the basis of laboratory investigation have concluded that the aqueous sus- 
pension was therefore more effective than estrone in oil solution. The data 
obtained by the same group of workers with diethylstilbestrol and the 
esters of this compound likewise demonstrate the greater effectiveness of 
the dipropionate and dipalmitate over the uncombined estrogen. It was 
conclusively demonstrated that the dipalmitate is considerably superior 
to the dipropionate when administered in quantities containing equal 
amounts of the free compounds. The authors concluded that this again 
demonstrates the inadequacy of applying laboratory data to human 
standardization of estrogens, inasmuch as, on the basis of laboratory 
experiments, the dipropionate should have been superior to the dipalmi- 
tatc, the minimal effective dose of the former being about one-tenth that 
of the latter. Furthermore diethylstilbestrol di benzoate Avhich has a 
similar action to the dipalmitate in rats is considerably less effective in 
the human. 

Androgens. The most efficient available androgen still remains testos- 
terone propionate. This substance can be administered both hypodermi- 
cally and in ointments. The compound methyl testosterone has been 
developed for oral use. Its potency by mouth is about one-third to one- 
sixth as peat as a similar Aveight of testosterone propionate by injection. 
In choosing therefore the most desired androgen, the economic factors of 
each type of therapy must be e\'aluated, the relati\'e low potency of the 
oral compound being weighed against the convenience of administration 
'XAthonl the need of a A-isit to the physician. The use of pellets of testos- 
terone or its compounds is the most efficient AA-ay of administering andro- 
gens. Such preparations. hoAA-ever, are not on the market as yet. Pellet 
implants produce an effect Avhich acts oA-er long periods of time without 
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effect on senile males much the same as it does on younger men who are 
not castrated. In the treatment of male homosexuality, it has been shown 
through the use of androgens that little reversal of the sexual tendency is 
encountered. 

The action of testosterone therapy on somatic growth has been shown to 
be of considerable importance. This work has been developed from the 
experiments of Dorf, and others, who showed that chorionic gonadotropin 
therapy in young boys resulted in an increase in skeletal development. 
This effect is believed to result from androgen liberation of the testes. 
Androgen therapy has an effect on epiphyseal closure but nevertheless 
it has a powerful effect on causing bone growth under certain condi- 
tions.^^ Finkler and others^® have shown that androgen therapy in 
liypogonadal boys produces a significant growth increment. Kenyon'^- 
ivnd associates have suggested that this growth may be related to the 
retention of protein generally throughout the body. 

Walker®* and others**-'*® have demonstrated that androgen therapy may 
he of value in the treatment of angina pectoris. It has been claimed that 
such therapy induces a drop in blood pressure where there is hypertension. 
The ability to perform more work wnthout chest pain and a greater sense 
of well-being results. Many of these patients who were benefited showed 
definite changes in the electrocardiogram. Nevertheless, although Gold- 
man and Markham** have obtained beneficial results in treating climacteric 
males with angina, they concluded that their cases could be considered 
to have the effort syndrome and that there were no actual cardiac lesions. 
Tile effect of the androgens in causing an increase in hemoglobin, stability* 
of the peripheral vascular system as Avell as the psychogenic control of the 
cardiovascular apparatus maj'^ well play roles in the relief from anginal 
pain. Testosterone may be of some benefit in renal disease since it has 
been demonstrated that testosterone neutralizes the action of certain kid- 
ney poisons, and increases the survival of animals whose ureters have been 
ligated.®-* 

Albright, Parson and Bloomberg* have obtained dramatic results in the 
androgen therapy of Cushing’s disease or adrenocortical h.\-peractivity. 
J'here was in such patients a return of muscular strength, increase in 
weight, decrease in redness and bruisability of the skin, and a feeling of \vell- 
beiiig. These changes were associated with a retention of nitrogen, phos- 
phorus arid calcium. Estrogens were ineffectual while progesterone was 
only of slight value in these cases. 

Androgen therapy in hypertrophy of the prostate was received with 
cnthusiasin at first with claims of subjective improvement and relief from 
bladder discomfort. More recent investigations have discounted the 
value of this therapj' and others have questioned the wisdom of delaying 
.surgery by such a procedure. Even though there may be an apparent 
unprovement, the prostatic hypertrophy is actually not reduced. Where 
bliuider discomfort is due to an atrophic prostate, androgen therapy inav 
aliord temporary relief. 

i ho androgens have been used widely in the treatment of gynecologic 
*.T'**f reported by a number of workers.**-** The 

viuef danpr in .such therapy is the induction of virilism in women who 
nave received excessive amounts. The androgens have been reported of 
value m treating functional bleeding as well as bleeding associated with 
uoronls. Testosterone proprionate, 250 to 400 mg., is capable of completely 
Mippre.'jsmg a menstrual period. Lesser ajuounts delay the onset of mense.s. 
lie exact mechanism of this respon.se has not been e.stablished. It has been 
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ROCHESTEn, MINN. 

’1h.\t Roentgen ray.s would one day prove to he of immense value in 
d\e .study of the heart and of the circulation seems to have been appre- 
ciuUhI since the very heginning of the Roentgen era. Holzknecht was 
i' ! 1 concerning his observations on the heart in 

'ralth and disease as early as 1901, G years after Roentgen announced the 
1 iscovery of the type of radiation now bearing liis name. A considerable 
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body of knowledge and experience has been aceiiimdated doun the intir- 
vening years, and for many years the roentgenologic method ha' h<-iii 
regarded as an important, even an indispensal)!c.' part of the routine 
clinical study of the heart and great vessels of the thorax, liven anion.; 
clinical cardiologists it ranks in value immediately after the hi'tory and 
the physical and elcctroeardiographie examinations. AYhileit is tnietli.ii 
certain normal and abnormal conditions of the heart and great thor.nie 
vessels can be determined with accuracy and precision during life on!\ 
with the use of roentgenologic methods, and that certain others are deter> 
inined more accurately and with greater facility with these method' th in 
with others, it must lie accepted that, as with electrocardiograiihy, there 
are important cardiovascular abnormalities which exhiliit no roentgeno- 
logic evidence of their existence at all. Some of these are too ^mall or to-i 
new to produce demonstrable change.s in the general configuration of tin 
cardiovascular silhouette; and changes in the mn'Cnlar activity, if pri-'ent 
at all, arc so minor as to c.scape even the most refined method' of roi'ni- 
gcnologic detection. For the most part, too, the roentgenologic diagno'ti* 
elements of cardiovascular disca.se are not direct, but indirect ami infer- 


ential in character, Hocntgenologic cardiovasetdar diagnosis is largdj a 
deductive process, the observer iming .such anatomic changes as enlargi- 
ment or deformity of the whole or .some portion of the cardiac and \ .c' a! ir 


shadows, abnormality of cardiova.'^culnr pulsation, and displacement or 
distortion of ncigliboring or contiguous anatomic stnictiirc' as (he (iretni-'-s 
for his rliagnostic deductions. This is because t!\e ituage of tlie Iieart 
obtained by conventional rocntgeno«copic and rocntgenograjdiie teihniiim- 
is a composite one and not always analyzablc with c(“rtafnty ; .•md. aliliongh 
the aorta can usually be visualized fairly well, the other large tc'-ej- >>! 
the thorax arc seen but indistinctl.v when .seen at all. 'I’lie roentgeitologi' 
method applied to the diagnosis of other tuindar and .saccular viseer.i ha- 
been rewarderi witii greater diagnostic succc'S. 'riiis appears to be < liff fb 
because it lia.s been possible to enhance llieir roentgenologic f'<intr.i't v ith 
the nso of radiopaque substances to ojiaeify* them, on the one hand, or 
with the use of innocuous gascs to make them more radiohieent tini) ti '■ 
.surrounding tissues, on the other. The «liagiinstic yield of the nwfitg' 
logic mcthofl applied to the alimentary jind urinary tracts, atid to d' 
re.spiratory and central nervous .systems may tnithfidly he s.-dd to l’<- 1!< 
greater (he easier it is to apply cfintrast roentgenography and 
O'Copy to tiiem. rntil relatively recent time', no praetie:(l v.ii n! '! ‘‘■ 
alizing the he;irt and great tlior.icie \e"el' liarl beeri curbed. 
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parts of the heart would be very short, especially for its arrival in the 
superior vena cava, the right cardiac chambers and the pulmonary vessels, 
but the interval, in most instances, would also be quite constant. It could 
be shoAvn, too, that a longer and more variable period of time would be 
required for the injected contrast solution to reach the left cardiac chambers 
and the tlioracic aorta. Accurate estimation of these intervals had to be 
made, and for this purpose Robb and Steinberg® made practical use of the 
methods of Hitzig® and of Robb and Weiss® of determining the circulation 
times between the arm and pulmonary capillaries and between the arm and 
the carotid sinus respectively. They found that the superior vena cava, 
its larger tributaries, and the right atrium were radiopaque in If seconds 
after the beginning of the injection, the right ventricle and the pulmonary'’ 
arteries in about 3 seconds, the pulmonary veins and the left atrium in 
from 6 to 8 seconds, while it took from 8 to 10 seconds for the contrast 
solution to reach the left ventricle and the aorta. The position of the 
patient in relation to the Roentgen ray tube and film also had to be deter- 
mined before injection was begun, and it would vary, of course, with the 
structures the observers wished to visualize. This posing was done under 
roentgenoscopic control. In their original work, Robb and Steinberg used 
an ordinary stereoscopic cassette changer to obtain 2 roentgenograms in 
rapid succession. They were able to make visible the right side of the 
heart and the pulmonary arteries practically every time they tried to do so, 
but they were not quite so consistently successful in obtaining a satisfac- 
tory visualization of the left chambers of the heart and the aorta. 

They used the contrast substance diodrast (3,5-diiodo-4-pjTidone-N- 
acetic acid and diethanolamine), which contains 49.8% of iodine. It 
was prepared in 70 % solution. It was found to be the most satisfactory 
of all available similar drugs, because it mixes freely with the blood, is 
eliminated quickly, is inert, is relatively non-toxic, and is non-irritating 
except rarely at the site of injection in a few cases. Other radiopaque 
substances like skiodan (an iodomethane sulfonate of sodium) and hip- 
puran (a sodium salt of ortho-iodo-hippuric acid) also were given con- 
sideration, but they were found to cause unfavorable reactions when 
administered in sufficient quantity and concentration. The dose of the 
radiopaque drug had to be varied to some extent wdth the size and weight 
of the patient and also with the part that the observer wished to \isualize. 
.*\s the observations xvere extended, it was found that xvhile a 70 % concen- 
tration was the most satisfactory for all purposes, concentrations as loxv 
as 40% could be used for opacifying the superior vena cava, the right side 
of the heart, and the pulmonary vessels. The injection w'as made into an 
antccubital vein, and had to be made rapidly. Robb and Steinberg pro- 
cured a special transfusion needle with an exceptionally large bore to 
increase the speed of injection. They found that in the average case 
35 cc. of the 70% solution (24.5 gm. of diodrast) was needed to opacify 
the left chambers of the heart and the thoracic aorta, and 25 to 30 cc., to 
visualize the pulmonary blood-vessels. For subjects with a large thick 
thorax, or with cardiac enlargement, or with pulmonary congestion, larger 
quantities \vere found to be necessary. The dose was found to vary 
letw ecn 25 and 45 cc. of the 70 % solution. The solution must be injected 
in L seconds or le.ss, and this rate of injection seemed to cause little diffi- 
euit\ m the average case. In general, the immediate reaction of patients 
to the injection was mild and transient even in c.ases in which the patients 
were quite ill, and there were no serious delayed effects. Xo fatality or 
other serious consequence was experienced. 
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behind the aperture in the screen of lead. The patient is posed before- 
hand by roentgenoscopy, one cassette being removed and replaced by a 
fluorescent screen. The inventors of this device visualized mechanical 
improvements which would make automatic rotation and automatic 
exposure possible. In this way, errors inevitably attending hand opera- 
tion could be eliminated, and the 8 exposures could be obtained in a 
shorter and still more advantageous period of time. Schwarzschild’® 
regarded the apparatus just described as large and unwieldy, so he set 
al)out devising another which he claimed had the advantage of greater 
ease of operation, diminished requirements of space, and a mounting 
which made it possible to adjust the apparatus for height, a convenience 
which the apparatus of Sussman and his associates did not seem to possess. 
Essentially it is a rectangular box divided into 3 compartments in line. 
One of the compartments I'eceives the unexposed cassettes, in the second 
the cassettes are exposed, and the third receives them after exposure. 
A fluorescent screen is mounted in the second compartment so that the 
patient can be posed under roentgenoscopic control. The cassettes are 
shifted from one compartment to the others by means of a thrust bar, 
connected electrically with the Roentgen ray timer, and the arrangement 
is such that when the thrust bar is withdrawn the timer circuit is closed 
and the e.xposure is made. A device is also incorporated in the apparatus 
by means of which the time of exposure is recorded on each film. Accord- 
ing to the designer, 7 exposures in 6 seconds can be made with this machine 
without difficulty, and it is anticipated that a greater number will be 
possible with more finished construction. Thus it is apparent that as 
time goes on the technical handicaps of angiocardiography are being over- 
come one by one, and the result is sure to be a more general use of the 
method and a more profound appreciation of its diagnostic potentialities. 

What has been the diagnostic yield of angiocardiography so far? The 
originators could foresee that an important practical application would be 
found in the study of congenital disease of the heart, and they were the 
first to make observations on this cardiovascular anomaly. Early in their 
experience xvith this new method of investigation, they reported that 
while they hud not yet been able to get direct visualization of the abnormal 
conununication in cases of interatrial and interventricular septal defects, 
or in cases of patent ductus arteriosus, they® did obtain satisfactory 
indirect evidence of the defect in the first-named disorder and the last, 
!>y observing recirculation of the opacified blood, and in the cases of inter- 
ventricular septal defect by noting selective enlargement of the ventricles 
and of the pulmonary artery. They also were able to demonstrate, in 
case.s of coarctation of the aorta, the constricting deformity of the aorta 
and the collateral circulation developed as a result of it. 

Grishman, Steinberg and Sus.sman' also published observations on 
2 cases of coarctation. In the first case the narrowing in the proximal 
descending aorta was demonstrable, the aorta immediately above and 
below the constriction was normal, the left ventricle was dilated and 
hypertrophied, and the right internal mammary artery Avas dilated. The 
clinical findings in this case Avere typical, but corroboratiA'e roentgenologic 
evidence Avas lacking Avithout contrast A-isualization. In the second case, 
a conqilicated one, the patient liad extreme hypertension, cardiac mur- 
nuirs, lowered blood pressure in the legs, differences in blood floAv in the 
uplier and loAver extremities, no e\‘idence of renal disease, and roentgeno- 
griiphically demonstrable notching of the rilis Avhich suggested coarcta- 
tion, Ihere also Avere signs of exophthalmic goiter. Angiocardiographic 
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examination revealed a constriction of the descending' aorta lulow 
exit of the left subclanan artery, marked liypcrtropliy of the left ventricle, 
and a dilater] supracardiac aorta. 

These investigators^ also studied a ease of the tetralogy of I'allot. and 
were able to get visual e\ddence of each one of the elas.''ic nnatonne feature' 
of the syndrome: stenosis of the pulmonary artery, dextrojio'ition of tin- 
aorta, interventricular septal defect with right-treleft shunt, and hyjx-r- 
trophy of the left ventricle. Pursuing the study of congenital heart di'e.i-e. 
the .same observers'^ have published observations on .'i rases of derinv- 
eardia showing how contrast visualization can be made to prove the actual 
anatomic relationships both in true dextrocardia with Ktim iimr/tif and 
in the several an.atomie varieties of riextroposition of the lii-art. 

Robb and Steinberg* also reportetl observations made on patient' with 
acquired heart disease. In cases of rheumiitic mitntl sleno'i' and iu'iifli- 
ciency, they found, .among other things, tliat the prominence of the pul- 
monary arc in the frontal view w.as eausetl not iiy the enlarged pulnimiari 
conus or the left atrium, but .solely by the <lilate<l fuihnoruiry artery, th.u 
the exaggerated hilar and pulmonary roentgenographie uuirking-- were lie- 
shadows of engorged blood-vessels, and that the left utiriele fonitni tie- 
convc.xity immediately below the puinjontiry arch. In syj)hilitie luiriiti' 
it was possible to make visible the infracardiac portion of the aorta, an 
observation heretofore impossible to make, but imjMirtant beeaii'e flu- 
portion is the site most frequently involvetl with syj)hilitie change'. [' 
was also po.ssiblc to determine the exact site, size and shape of aortic 
ttneurysms. In hypertensive heart disease it wa.s }>0"ible to dejuon-tr.ite 
the degree of hypertrophy and dilatation of the left ventricle, the 
and unfolding of the .aorta, “buckling" of the innominate artery, and fl*- 
left subclavian artery fonning the anterior Iwumilary of the “aorti' 
triangle." In arteriosclerotic cardiova-'cnlar di'ca'c little in the w,tj o. 
eanliae change wa.s tlenionstraldc. but it was [Hi"iblc to .-.luiw 'eu-ral lied- 
of fiathologic change in the aorta, even when there had bet-n no h.’-p-r* 
tcn.'ion, circulatory failure or coronary throtnlKi'is. In one c.i'<-, ih- (•:> •• 
ence of a pcric.-irdial elfusion w.-i' j>n>ved beyojid rea-onable doubt b;. 
showing that the cardiac chatubers were within tiormal limit' of -ir*- m 
cardiac .silhouette markedly iucrea'Ctl in size-. 

In cardiovascular changes existing in varioii' <’hronic pululotnr.^ o 
eases, such as pulmonary tuI)ereulo-i', bronehie<'tasi', bullou- and g'-t j 
eralizcfl cmpliy.-cma, and" pritnnry carcinotna of the b.'onelui'. Po’di • 
.'Steinberg' elicited evidene«-' of patladogic change that were ixith irit* r*" 
ing and important. They c<inelu<lf-<l that the greatr-t ’..due o. a.*,,- - 
cartliography in this field was in di-orih-rs near tie- hiltim, vl. tf: 
eau'c great tliagmotic diflieultii-'. Hilar ma'-i-', tle-y 'aid. i.u. 
ringm'shwl from the niigiilKiririg blKKl-vf-.f-!'. and tlmr cr. 
figuration th-tenninisl from the xu'etilar nmipn- -au! nte! di-p v 
luf«*. r-teinher-g. Robb and IbK-b-" were afd-- to 
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arc! roentgenologic examination of the thorax or the electrocardiographic 
examination give evidence of enlargement of the right side of the heart, 
although it should be noted that it is notoriously difficult to detect minor 
degrees of enlargement of the right side of the heart in the teleoroentgeno- 
gram. In 2 of the cases, both with marked emphysema of long duration, 
there was no right ventricular dilatation, and Sussman and his associates 
offered no explanation of this finding. The angiocardiographic findings 
were also correlated with the electrocardiographic findings, and in 13 of 
the 24 cases of definite or probable enlargement of the right ventricle the 
electrocardiogram was normal. The lack of right axis deviation in some 
of tlie cases was assumed to be due to the coincidental presence of left 
ventricular enlargement resulting from some other type of heart disease. 
Finally, Steinberg and his associates'^ applied the angiocardiographic 
technique to the studj"^ of a case of arteriovenous fistula involving the 
third portion of the left subclavian artery, and they said that the procedure 
is especially well suited for localizing arteriovenous fistulas involving the 
large vessels near the heart. 

Contrast visualization of the heart is undoubtedly here to stay. It has 
already made important contributions to medical knowledge and there is 
promise of even more in the future. Although the method is safe and 
practical, it is one that demands a high degree of teamwork and a great 
precision in technique. It will be most productive of good diagnostic 
results in the hands of those already well grounded in other methods of 
cardiovascular diagnosis. Not all patients with cardiovascular disease 
should be subjected to it, rather let it be reserved for those who present 
unusually difficult diagnostic problems not readily solved by the older and 
more familiar methods of cardiovascular diagnosis. 
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Capillary Permeability to Horse Protein in Burn-shock. 
ai.tsky and S.\muel Lliter (Harrison Department of Surgical Research 
schools of Medicine, University of Pennsylvania). The time and rate of 
\OL. 2<V», S'o. 5— M.w, 1043 23 
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appearance in l\Tnpli of intravcnoti<5ly injected horyc yenini wac vi^rd ca a 
measure of capillary permeability in dop;. Since the horse senna 
injected intravenously, its api>carancc in lymph rcpresentwl direct 
across the capillary endothelium. Data o*btainc<l on 3 noniial and it hnrn- 
shocked dogs form the basis of this report. Dogs under morphinf'-barhiinl 
anesthesia were closely clipped from feet to axilla'. The cervical Ijtnph 
ducts and the left thoracic duct were canuulate<l. Two cc. of hor-e ‘■••nini 
per kilogram of body weight were injected intravenoudy. The Iwly 
then immersetl up to the axillre in water at 72° C. for f/l .-econd-:. The 
time of appearance and the concentration of horse .'■criim in lymph 
determined by precipitin reaction with rabbit anti-horse seriini, and th- 
washerl precipitate was read turbidimetric.ally with the Klett-v‘'umin<T-i>n 
colorimeter. Protein levels in blood and Innph were fletenninfil h\ the 
biuret method of Kingsley. In nonnal animals, it was fotiml th.at Imr-c 
senim appeared .sooner, at a greater rate, and reached hicher IcmI- in 
thoracic duct than in cervical Ijanph. thus giving evidence that the th'>'. 
acic drainage area is more permeable tlian the cervical drainage an i 
Follomng tltc bum, changes in capillary pcmicabiiity were noted promptly 
in botli the burned (lower body) as well as the non-burned (head nnri 
area. In the normal dog, horse senmi appeared in eervieal lympli in .'•'I 
to 100 minutes. Following the l)um, it appeared in 10 to 2tl niinntf-. 
Similarly, horse scrum was detected in thoracic lymi>!i of the normal fhv 
in 20 minutes, whereas it appeared in the burned dog almost imtnrdiafeb 
following the i)uni. The sliapc of the time-concentration enrve for li"^'- 
.senim was altered in both areas by the burn. Total lym[>h protfin eon. 
centration was not increased during the 3-hnur observation jM'd'*'! 



PHYSIOLOGY 


755 


structure in the head or neck, it would seem that in the animals described, 
the seat of the emetic stimulation and the persistence of the action was a 
central one; but other interpretations are conceivable (the paper was 
illustrated by lantern slides and a motion picture of the vomiting in the 
cat after visceral deaft’erentation). 


The Effect of Replacement of Normal Blood by Erythrocytes Saturated 
With Carbon Monoxide. David L. Drabkin, Frederic H. Lewey, 
.Samued Bellet and William H. Ehrich (Departments of Physiological 
Chemistrj'^, Neurosurgery, Cardiology, and Pathology, University of Penn- 
sylvania). In one group of dogs severe carbon monoxide poisoning was 
produced bj^ inhalation of sufficient carbon monoxide to reach “critical” 
levels of 75% HbCO. After a certain length of exposure under these 
conditions the animals collapsed with evidence of cardiac and respiratory 
failure. In those animals which survived extensive necrotic changes were 
found in the brain (cortex) and heart. 

In another group of dogs, levels of 75 % HbCO were obtained by replace- 
ment of the blood with washed erythrocytes saturated with carbon mon- 
oxide (96% HbCO). In these animals no signs characteristic of anoxia 
(R-T elevation in the electrocardiogram, slowing of conduction, and heart- 
i)iock) were observed. Necropsy revealed no evidence of myocardial or 
cerebral damage. Following termination of the transfusion of HbCO con- 
taining cells, the percentage of carbon monoxide in the blood decreased 
approximately 2 times more rapidly than in the dogs poisoned through 
the respiratory route. 

Except for the similar percentage of HbCO in the blood, the two experi- 
mental states differ markedly. The partial pressure of carbon monoxide 
to which the tissues are exposed is very probably greater in the dogs which 
inhaled the gas. The undetermined factor of tissue poisoning may there- 
fore be operative to a far greater extent in the animals severely poisoned 
through the respiration. 

A more obvious explanation of the results may be the operation in r/ro 
of the Haldane and Stadie and Martin effect, previously established 
in vitro. This effect may be described as follows: Partial poisoning of the 
four iron atom hemoglobin molecule with carbon monoxide results in 
niolecular species xvluch hold the remaining oxygen more tightly. This 
induced greater affinity, for oxygen decreases the “ oxygen unloading capac- 
ity” at the tissues. Prom the dissociation curves of non-poisoned Hb4(02)4 
and 75% poisoned Hb — O2 at 10 mm. pOs, it is calculated that the 

. , Hb3-(CO)3 

functional” hemoglobin (upon the basis of normal unloading capacity) 
in the latter case is not 25 % ])ut only 1 1 %. This presents a clearer view 
of the meaning of the “critical” level of 75% HbCO in the animals 
which inhaled the gas. On the other hand, in the transfused dogs a state 
approaching 75% of Hb4(C04) and 25% of “functional” Hb4(02)4 was 
attained. Opportunity for appreciable equilibration of the unpoisoned 
1164(02)4 as the carbon monoxide dissociated in riro from the Hb4(CO)4 
Was not afforded due to opposing rates of rapid “blowing off” of CO in 
the lungs and relatively slow uptake of CO by the hemoglobin. The 
clement of time here operates presumably in such a way that the pCO built 
ap in the plasma is appreciably lower than in dogs poisoned throuch the 
respiratory route. 



"•'l*' ok MK-DU Al. .M'lKNl K. 

Tlie much more rapid <lccrease of in>r() iu the l.lmul of the tr.>n4u-..i 
animals is also explainable by the ofaration in ric'i of the Halil.iiic cirn t. 

It may be added that the transfuMon of the llbf'O coiitainini; olb 
often prevented imminent circulatory failure attendant u]'on the ^intre 
blcedin/r procedure in the “replacement” experiment.-. Tlie-e 
hiivc sugpc.sted tlie probable value of prompt tran-fii -ion of normal bln-wl 
in dops severely poisoned throupli tlie inhalation of carbon niouo\i.|e 
Transftision of normal blooii ha.s i>een te.-ted, and found elfeeiive ninhr 
apjiropriate conditions. 

Intravenous Ammonium Chloride for the Treatment of Alkalo:i’!, 
11. A. ZiNTK!.. .1. hi. Uilo.M)-, and I. S. UwntN (llarri-on Iteiiartiui at o'‘ 
Surpitud Uesciirch. I’niversity of IVnnsylvaniab 'I'iie ins'd for a niori 
effective parentenil method of correelim: alkalo-i- has ari-cn nith im re.i-- 
inp frcr|uency .since the introduction of continuon- suction dr.unai;e in tin 
prcopcnitivc propanition of p.-iticnts with pyloric ol>-trnclion. .‘sHinin' 
lactate hii.s iiccn tidministercd intnivenonsly for the ivirrcctfon of .■imMo !•. 
bnt no preparation has been penerally availal'h' for the pareiiter.d trt it- 
ment of alkalosis. 

Althoiipli the kidneys will iismilly restore the eicctrolue [i.ittern of ()■< 
plasniii, if sullieient lim'd and salt jire provided, tliere remain- an on loion il 
ptiticnt who does not responil to thi- type of thi'rapy. It ha- ii'-eii i!' ni"ti- 
stnited thiit postoperative jiatients atid patient.- uith [ineiimoni.i art ofrm 
imiible to e.xerete excess sodium. 

Intnivenon- iimmoninm chloride was admini-tired I'J time- to |i>iiiiii 
with st'vcre alkalosi-. .Mtiionph onr experience h.as heeii tixi Itmif"! fo 
e.-t,'ibli-h firmly the safety of the method, if- n-e i- jii-lified whin tie 
intraveiunis admini-tratimi of sodium chloride ami fiiiid Ini' ri 'torn! ih' 
serum elilnride- tind total serum ba-e to normal, Init lia- failed too\i rm'.e 

the Jilkiilo-is. 

Xn scrion- reactions liave oeeiirred when a ’J'.,' iiimmminm ehlnrlif- r 
adtninistereil in a .'ifc phieo-e -ointion intraxenoii'lv . 'Cim r> iH''. 
this iherajiy i- rjiiite uniform. One pr.im of intr.i' emni • ammoninm < >' -• 
ride reduces the serum CO; of an l.7t jyoiind adult apiinocim iti 1} I I 
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First Aid AND Bandaging. By Arthur D. Belilios, M.B., B.S. (Bond.), 
D.P.H. (Eng.), and others. Pp. 628; 239 figures. Baltimore: Williams 
& Wilkins Company, 1942. Fourth reprint. Price, SI .75. 

Like Hammer’s Advanced Handbook, this book is Avritten by English 
authors who should have had much practical experience in the last few 
years. It begins with an excellent chajiter on General Principles. Con- 
sideration of the general structure and functions of the body are condensed 
into 10 concise and pertinent pages. The 20 pages devoted to the skeleton 
follow later, just before fracture; and so on with the other body systems. 
One naturally finds minor differences in tenns and procedures from those in 
use in this countiy (especially to be regretted is the omission of “the fire- 
man’s lift” from the methods of transport by the single helper); but on the 
whole the book .should be wannl}'^ recommended. E. K. 


Miwtary Surgical Manuals. IV. Orthopedic Subjects. Prepared and 
Edited by the Subcommittee on Orthopedic Surgery of the Committee on 
Surgery of the Division of Medical Sciences of the National Research 
Council. Pp. 306, 79 figures. Philadelphia and London : W. B. Saunders 
Company, 1942, Price, S3.00. 

This volume is the fourth of a series designed to furnish the medical depart- 
ments of the United States Anny and Nav}’- ivith concise presentations of 
necessary infonnation in the field of military surgery. Its four sections cover 
muinited fractures, injuries of the spinal column, compound fractures, and 
osteomyelitis. In general, its subject material is limited to orthopedic surgery 
and its militaiy application. No discussion of simple fractures, dislocations 
(excejit those of the vertebral column), and sprains is given, and the subject 
of amputations is only briefly treated. This volume will have only limited 
aiiplication foi- those not in the armed forces. M. T. 


The Vertehrate Eye. B,y Gordon Lynn Walls, Re.search Associate in 
Ophthalmology, Wayne University College of Medicine. Pp. 785; 197 
figures (3 in color), numerous plates and tables. Bloomfield Hills, Mich.; 
Cranbrook Institute of Science, 1942. Price, .86.50. 

This is the most im]3ortant book on the subject to appear in the last few 
years. Dr. Walls has indeed knowledge of the comparative morphologj’^ of 
the vertebrate eye and from this he has traced the evolutionaiy changes which 
have led to functional .specialization throughout the vertebrate series. The 
hook i.s logically organized into three .‘sections. In the first part the human 
f“ve is dealt with and an excellent rdsumd is given of the phj-siolog}" of the 
duiilcx retina. Most of the recent developments in this field are well recounted, 
perhaps only lacking in an adecpiate presentation of the electrical phenomena 
which accompanies retinal stimulation. The second and third part are 
comparative morphology' and show how various structures in the eyes of the 
vertebrate series have been developed to meet the needs of the particular 
amm.nl. 

_ The style is exceedingly readable and the author manages to retain one’s 
interest throughout. Considerable praise should also be given to the pul>- 
hshers for the excellent type and illustrations, the beauty and perfection of 
winch add much to the book’s enjoyment. The book cannot be too highly 
recommended and should be owned bv evervone interested in the eye 

' F. A. 
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Nas\i, Mr.mcATioN-A Pn\(nu’\i. Ouidk. IU- Xomi D. rvniurs' 
Pp. 113; 20 illustrations. Baltimore: The Willi.am' A Wilkin- C 
1942. Price, S2.o0. 

This book in a conden.'cil form pre-'ent-^ the more imjvirtant l.n-t- 
anatomy and physiologj’. P.artioular stress i- placetl upon n:\-.al nlrn 
and hydrogen ion concentration of na«al ‘-ecretion-. The Ive-t incil 
and methods of application for both acute and chrouic di-ea-e are d 
Thi« work is of decided value to anyone intere-ted in thi- 


Diskasks of thf Bukast. By CHAUi.K-i 1’. (ir.-f iH( M .\, 
Lieut. Commander, Medical Corps, U. S. Naval Ile-erAe. Direeto 
Francis P, Garvan Cancer He-earch Ijiboralory, Pathologi-t, SI 
Hospital, Baltimore. With a Special Section on Treatment in {'« 
tion Arith MniuiAV M. Coi-f.i.vni>, A.B., M.l)., r..V.C.S,, In-fr 
Surgeiy, Johns Hopkins Meiiical School, Vi.siting Surgiain and 
Oncologist, UniA'en-ity Ffo-pital. UniA’cn-ity of .Maryland Mt-dieal 
I'isiting Oncologi-t, Baltimore C’ity Ho-jiilnl-. P|). .''Jll; .‘lO.'i illii- 
Philadeljiiiia: J. B. Lipiiincott Company, 101.3. Price, 

Thf. greater part of thi« book deals A\ith .an analy.-i- of clinical am 
logic data of some patients seen by the author and -ome from the 
w.ards of Johns Hopkins Hos))it.al, and of data collected by Dr-. Bh 
Halsted and Welch, and others in the Surgical Pathological L'lDir' 
Johns Hopkins Hospital. 

Over 2.')00 ca=es of brc.ast cancers are analynal, ]2<Kl ca-i-- of in 
rlysplasia, many benign tumors, and a A’ariety of the rare tamditio!: 
attect the breast. There is detailed di-cus-iou of the chnic.al a-is'ct 
ment, analy.sis of end-result--, and of the gro— and micro-copm i 
There are inany excellenl illustration-, chart- and tablet-. Diien phot 
of the patient and the gros- -iiecimen and a photomicrograj'li are » I'’" 
u-ect in correlating the jiathologic change- with tin; clinical. 

Considcndile cmirhasis is placed on the endm-rine factor- in\o!\ci| 
etiologj- and treatment of bn-a-t di-ca-e-. In thi- connection are tf 
exiieriments by the author on the pro<hiction, liv adinini-tration of » ' 
-ubstancec, of variou- (lathologic cliangr- in the mammaiy- gland of r- 
comparison? are made of thc-e change- with tho-e foond m j-itsMit- 
this is elaboratml a theory of how pathologic change- (r-nir in tl,* 

. . -Ill 

The liook is e— entially a pre-nitation of inform-vlion d'ru'd to 
author’- (ler-onai e\]V’riencr- and an e\pri--ion of ry'!'-\! int'C,' 
(ilacerl in rel.ation to tiie of other-. I he iri'ik contain- a '■ ' •.!'!. ' 

mfere-ting and ii-> fnl to Uifh clinician- at.d jathol'Kgi-t- 
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cases observed at the Massachusetts General Hospital, the Collis P. Hunting- 
ton Memorial Hospital, and the Pondville Hospital. No atternpt was made 
to deal with the entire field of neoplasia; but a statistical analysis is presented 
of 5481 original cases of carcinoma of the skin, breast, mouth, pharynx, larynx, 
anus, wlva, penis and scrotum, of melanoma of the skin, and of some sar- 
comata. Other cancers were reviewed but not statistically analyzed, the experi- 
ences of the authors being correlated with opinions and experiences recorded 
in the literature. 

In the first part of the book the authors discuss the anatomy of the lymphatic 
drainage areas of the neck, axilla and arm, grom, pelvis and abdonaen, and 
thorax. In the second and main part they present a detailed analysis of the 
incidence of lymph node metastases in various cancers; a correlation between 
the incidence of metastases and such characteristics of the original tumor as 
the size, duration, grade of malignancy, and other clinical manifestations; 
and last but not least the results obtained with dissection of lymph nodes and 
their treatment Avith radiation. In the third and last part the authors de- 
scribe the operations on various lymph nodes including miscellaneous opera- 
tive procedures such as biopsy and radium implantation. 

The text is clearlj'- written and the material well organized and concisely 
presented. The book represents an important contribution to the knowledge 
of cancer and should be equally valuable to the surgeon, radiologist and 
pathologist, as it is no longer necessary that decisions in regard to the proper 
management of the regional lymph nodes in neoplasia be made or modified 
on the basis of tradition, opinion or prejudice. We now have an excellent 
book which furnishes abundant information as to the likelihood of metastatic 
involvement, and as to the curability of involved nodes when they are present. 

W. E. 


Loto Against Hate. By Karl Menninger, M.D., with the collaboration 
of Jeanette Lyle Menninger. Pp. 311. New York: Harcourt, Brace 
& Co., 1942. Price, S3.50. 

This book presents an interesting discussion of the emotional life written 
primarily for the layman. The practising physician meets many of the prob- 
lems Avhich are discussed in it. He will not find much that is essentially new, 
but will have his own thoughts clarified in the field of the emotional life. 

_ The author rightly points out the failure of patients to consult their physi- 
cians on matters of se.xual frustration, and, more important still, that physi- 
cians generally neglect to_ investigate them. He correctly states that the 
teaching of sexuality is still taboo in the medical schools of American uni- 
versifies in spite of the fact that psjmhiatrists see man}'- dramatic examples 
m their daily lives which they cannot forget. 

The unhappiness which results from sexual frustration pla3’'s such an impor- 
tant r61e in life and receives so little attention from physicians, that the reader 
of this rexnew, if he practises medicine, would do well to not only read but 
study the volume and others on the same subject. D. M. 


1‘undamentals or Immunology. By Williaai C. Boyd, Ph.D., Associate 
1 rofessor of Biochemistrj', Boston University, School of Medicine; Asso- 
ciate Alembor, Evans Memorial, Massachusetts hlemorial Hospitals, Boston, 
Mass. Pp. 446; 45 illustrations, 67 tables. New York: Interscience 
Publishers, Inc., 1943. Price, 85.50. 

The fundamentals of immunologj' are presented for the benefit of medical 
indents, chemists, biologists, and others interested in an understanding of 
t ie basic principles of the science. The material is aimed at the beginner; but 
me book will also be useful to the professional immunologist, as the author 
us^ smaller type for material of more interest to the advanced student 
ir professional immunologist. The modern news on a subject are usually 
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pivcn first, omitting the historical development of a subject iii order to r 
son.'e space; but the author is not dogmatic and discu-'e-: controversia! px 
Tile book has a well-organizetl table of contents, a cv'Hi index, nm! .n h-' 
reference? appended to cacii cliaptcr. The einpha-is k on seroiogx-. Tl-,.- ^ 
cliaptcr, comprisinc SS iwtrcs (about one-fifth of the KxA) is devoti'*! 
laboratorj’ and clinical techniques eniploycil in the field of immunol.-'ip-. ' 
subject matter is presented verx' clearly an<i conci-cly and printel in a praet 
style. It is a book xvin'cii every student of mcrlicine xvill vant to read to hr 
his knowledge up to date in a field which is being actively xvorknl. li. M 


Emotion? and Mkmouy. By David Havavout, I’li.l)., lle.id of the l)cp 
meiit of Ps}‘cho!ogx‘, Tlie Menninger C’linic, TojH'ka, Kan. I'onaord 
Fr.o:k Frkmont-S.mith, M.D. I’p. 282. Baltimore: The tVilliui.- 
Wilkins Company, 1042. Price, S.i.tH). 

In disorders wherein the emotional element Iia-^ Ix’i'ii jsitent. rcjiri---' 
distortion or disiilaccment have usually occurred, thus rendering the i ;e,o‘i. 
ally charged memories unavailable to the ev.amining jdiy.-irian. In t 
monograph the xvritor has .-cnitinizial the liti'mture of ]>'ycho!.ig\-, ji-xc! 
pathologj’ and psychoanalysis, to detennine the relation-hip Is'tunn I 
emotions and remembering; <ioing so has hd him to .-uggi^'t a new thi'ory 
incmorx' function: . the memory law.- ba-cd on logical ‘tneaning’ a 

‘organization’ of the mcmoiy material refer otdy to .-j«'cial ca-*-' of nem' 
organization; the more goricnd theory of memory is the th<s)ry bi--'i 
‘emotional organizgition' of mcmoriis- — in other word-, on the organint! us 
memory strivings.” 

The chapter on Contributions of P.-ychoanaly,-i- -j)c:ik- of the ‘'v.l."’'- 
forgetting of childhood memorie-,” .... a- “an nmio’-ia determiinsl by t 
mliibition inifKi-od on the evolving infantile -evindity.” DirisU IKjs r.m !, 
Evidence include- a brief but lucid account of the imji'irtant llor-iui vi'h 1 > 
Ender Contribution- of Hyimo-i-. the di-cu— ion of drug- i- t'»i >c:int. at 1 
mention i? made of marijuana which often c.'iu-i-- it- \ot;iri>- to tl 
long forpittcn. The bibliograjihy of thi- stimulating i ontriliuti'cs to ! i • 
tality i- iinmen-e, ' 
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microscopic anatomy, pathology and physiology of the ovary. The author 
has based his studies on over 1100 cases of benign and malignant tumors of the 
ovary. In addition he has incorporated the findings and opinions of many 
other contributors in this field, supplying thereby an extensive bibliographic 
list at the end of each chapter. “Not only are the anatomy and physiologj’- 
of ovarian neoplasms discussed, but an attempt has been made to explain the 
basis of the symptoms. Association of ovarian neoplasms with other condi- 
tions such as pregnancj’’, and the procedure and care in such cases have been 
elaborated. Necessarily, new points of view dealing with the origin, classifica- 
tion, and of ovarian tumors have been ex-pressed, since 

progress in ■ ■.■ past fifteen years has been so great.” The material 

is well illustrated rvith both gross and many fine microscopic photogra|)hs. 
This book should be of definite value to all interested in this phase of medicine. 

M. T. 


A Surgeon’s Fight to Rebuild Men— -An Autobiography. By Fred H. 

Albee, M.D., F.A.C.S., F.I.C.S. Foreword by Lowell Thomas. Pp. 349; 

11 illustrations. New York: E. P. Dutton & Co., Inc., 1943. Price, $3.50. 

In this volume, written primarily for lay readers, a distinguished pioneer ip 
the field of bone graft surgery presents a readable and popular rerdew of his 
career. In reading the book one gains the impression that the scientifically 
creative period of the author’s life was concentrated in the years before the 
first World War. It was during this period that he first applied to bone repaii’ 
the principles of tree-grafting which he had learned from his grandfather on 
a Maine farm. In illustrated appendices the author shows in interesting 
fashion the many applications of the principles of the joiner’s art to orthopedic 
surgery. The middle section of the book is devoted to the organization and 
operation of the U. S. General Hospital No. 3, in which the author played 
an important part during World War I. Another outlet for the apparently 
boundless energy of the writer has been the program of rehabilitation of indi- 
viduals disabled through industrial injuries, particularly in the state of New 
•lersey. In more recent years, however, the author’s interest has become more 
and more focused on the development of a private sanitarium in Florida, a 
project which from the standpoint of scientific medicine is in decided contrast 
to the author’s earlier contributions. The faith which the author expresses 
in "vitaminization and mineralization” as a “cure-all” for a variety of diseases 
is something of a departure from his early scientific research. Dr. Albee has 
filled a role of an international medical diplomat through his interest in inter- 
national societies of surgerj’^ and orthopedics and has cultivated a wide 
quaintance, particularly in South and Central America, through extensive 
travel abroad. _ In writing this book he has perhaps succeeded in carrjdng out 
his principal aim, but has not, in the Re\'iewer’s opinion, made a noteworthy 
contribution to literature, medical or otherwise. J. L. 


Indigestion. It.s Diagnosis and M.xnagembnt. By Martin E. Rehfu.ss, 
) ™fcssor of Clinical Medicine, and Sutherland M. Prevost, Lecturer in 
1 herapeutics, Jefferson Medical College, Philadelphia. Pp. 556; 35 table.s; 
till figures. Philadelphia and London: W. B. Saunders Company, 1943. 
Price, $7.00. ' 

In this book, a well-known gastroenterologist presents his personal views 
on the subjects that are regarded as of clinical importance in connection with 
• lie .syndrome of indigestion. He discusses somewhat informally the various 
types of digestive disturbance, their causes, the means available for their 
meognition and the procedures which he employs for th'^ir 
Aithough allegedly written for the guidance of the busy : :;.■ ■■■ . ■■ ■■ 

subject, especially gastric analysis and therapy, in which tiie 
■imiior lias .‘•jiecml intcre.'Jt, are covered in great and perhaps unnece.«.ar\* 
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detail. In addition to a di«cu-Mon of «iiet tliroiiclioiit jin' l-nk. t 
170 pages are devoted entirely to that pha^e of tn^atincnt. Tne 
cursive but practical, simple in outline but sonunUiat confu-oci in 
Sorne condensation would render it more Itelidul to the rlinirian; In 
easil5' readable, contains many im]iortant clinical oiwervationi ai;d ji 
a subject that dcscrve.s spcci.al emphasis at thi< time ulicn tin' v.ar Ins i 
attention on diseases of the digestive tract. The illu'tmtioti'; .an- e\ccl 


Modern TnE.\TMENT or Yeneuem. DIs^:\.'^Ks. Hy 1’. T. 1Ui;kj, 1 
B., Cn.B. (Gins,), Lieut, Col. (late), Uoyal .\rmv Me<lic.al Corj"; fc 
Director of the Ixmdon County Council (Whiteciinjv'l) Clinic; Con 
Venertmlogist in the Buhlic lie.altU Department of the Lomhev t 
Council, etc. Pp. 105; 4 figures, matiy t.al'Ie-. London: .hihn M il- 
eal Publications, Ltd., 1012. Price, 12,'tHi. 

This book i.s b.ased on the author’s wide evjw'rience with vciicnal > 
that he acquired in the British Army and in venereal di-ca-e clinics, c-j 
that of AVhitcchajicl, the largest in Kngland. Col. Ihirke nho diiil o\i r 
ago, representeel characteristic Britisli caution in the me of m-.v n i 
Tliough his work w.as brilliant in his d,ay and his mind ojietj in a critic 
to new idc.ns, dovelopmenf.s in the field of venereal disease ha\e b-s n 
that this {losthiimous piiblieation njifioars fo e'cp'rls in tlm li-ld a* a 
out of date in a numlier of items- in the tre.-ituient of sypbili' and g'lfe 
One (juc.stions, tben, tlie desirability of publieation at Ihi- time, v.b-n s; 
adequate treatment, if it has Ixv'n demon'trati'il to 1 m- really adeq'! 
esfieeinlly imfiortant. '' 


i:. 


Tilt: SifiifT fsevEm By C. J. Gutusa. I’fi. 2u2; fmntt'/deo-. .V* - 

Harvest llou-se, ini.'l. Price, S2.00. 

Tins Imok bring- to the l.ajnnan relialde an-Mcrs- to all iim tio'. ^ !■- 
bavc about tbc nonnn! eye and it- mo-t eomniim ailment ■ . Ti >- !'• s-' 

of dealing with non-im'<iie;d eye praetitinner- i- riebtfiillv ri [» it<sll'. r>t 
.'“•elf- treatment, projiriefara- drug-, and <(inekery are di.-dt \.)th I'-.y 
m.anncr as to leave no doubt as to tln-ir .st.-itu-. lie- iievt'-ri'd i-, v.it., 
minor exceptions, (juite aeeurate. The di-advanf.ag- of tn-ic-h 
tliese 200 page- i- otT-et by it- enryehijMslie arrangi ni' nt vdii'-h nnC" i 
reference. 
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Vnscukr Spasm. By Alexander John Nedzel, M.D., M.S., Associate Pro- 
fessor of Pathology. Pp. 151; 161 figs. Urbana: University of Illinois 
Press, 1943. Price, S2.75 clothbound, S2.25 paperbound, 

Prindples and Practice of War Surgery. By J. Trueta, M.D., Formerly 
Director of Surgerjs General Hospital of Catalonia, University of Barcelona; 
Assistant Surgeon (E.M.S.), Wingfield-Morris Orthopsedic Hospital, Oxford; 
Acting Surgeon-in-Charge, Accident Service, Radcliffe Infirmary, Oxford. 
Introduction by Owen H. Wangensteen, M.D., Minneapolis, Minn. 
Pp. 441; 144 illus. St. Louis: C. V. Mosby Company, 1943. Price, $6.50. 
Chemotherapy of Gonococcic Infections. By Russell D. Herrold, B.S., M.D. 
Pp. 140; a few tables. St. Louis: C. V. Mosby Company, 1943. Price, 
.$3.00. 

Endoscopic Prostaiic Surgery. By Roger W. Barnes, M.S., M.D., F.A.C.S., 
Professor of Cimical Urologj'', College of Medical Evangelists; Chief of 
Urology Service, White Memorial Hospital and Out-Patient Clinic; Senior 
Attending Surgeon, Los Angeles County Hospital; etc. Pp. 235; 104 illus. 
St. Louis: C. V, Mosby Company, 1943. Price, $6.00. 


Behind the Srdfa Drugs. A Short History of Chemotherap 5 L By Iago 
Gladston, M.D. Preface by Perrin H. Long, M.D, Pp, 174. New 
York: D. Appleton-Centurj’- Company, Inc., 1943. Price, $2.00, 

Proteins, Amino Acids and Peptides as Ions and Dipolar Ions. By Edwin J. 
Cohn and John T. Edsall, Harvard Medical School. Including Chapters 
by John G. Kirkwood, Cornell University, Hans Mueller, Massachusetts 
Institute of Technology, J. L. Oncley, Harvard Medical School, George 
Scatchard, Massachusetts Institute of Technology. Pp. 686; many tables 
and figs. New York: Reinhold Publishing Corp., 1943. Price, $13.00. 

Introduction to Organic and Biological Chemistry. By L, Earle Arnow, Ph.D., 
M.D., Director of Biochemical Research, Medical-Research Division, Sharp 
& Dohme, Inc., Glenolden, Pa.; Formerly Assistant Professor of Physiologi- 
cal Chemistrj’-, University of Minnesota Medical School, and Henry C. 
Reitz, Ph.D., Assistant Chemist in the Western Regional Research Labora- 
toiy, U. S. Department of Agriculture, Albany, Calif; Formerly Assistant 
Professor of Agricultural Biochemistry, University of Minnesota. Pp. 736; 
90 figs., many tables. St. Louis: C, V. Mosby Company, 1943. Price, 


Plying Men and Medicine. By E. Osmun Barr, M.D. Pp. 254; 8 figs. 
(1 colored plate). New York and London: Funk & Wagnalls Company' 

, 1943. Price, $2.50. 

Enmihj Treasures. By David D. Whitney, Ph.D., Professor of Zoologj’’, 
University of Nebraska. Pp. 299; 234 figs, and some tables. Lancaster, 
Pa.:_ The Jacques Cattell Press, 1943. Price, $3.50. 

Operating Room Technique. Bj’- Edythe Louise Alexander, R.N., Supervi- 
sor of the Operating Rooms of The Roosevelt Hospital, New York; Formerly 
SuperHsor of Operating Rooms, Mountainside Hospital, Montclair, N. J.; 
Superwsor of Private PaHlion Operating Rooms, New York Hospital. 
1 p. 392; 221 illus. St. Louis; C. V. Mosby Company, 1943. Price, $3.75. 

Infections of the Mediastinum. Bj’- Harold Neuhof, M.D., D.S., 
F.A.C.s., Clinical Professor of Surgeiy, Columbia University, College of 
1 hysicians and Surgeons; Surgeon to Sit. Sinai Hospital; and Edward E. 
.IL'merin, !M.D., D.S., F.A.C.S., Associate Attending Surgeon, Sydenham 
Hospital; Adjunct Surgeon, Beth David Hospital; Senior Clinical Assistant 
m burgoiy and Research Assistant, Mt. Sinai Hospital. Pp. 407; 155 figs. 
J) The Williams & Wilkins Company, 1943. Price, $6.00. 

I speholop You Can Use. By Willlui H. Roberts. Diagrams bv James 
aI.^cDoxald. Pp. 246. New York: Harcourt, Brace & Co', 1943. 
_ Price, $2.00. 

The Medical Clinics of North America. Yol. 27, No. 2. Symposium on Nutri- 
tion. 1 p. 327. Philadolpliia and London; W. B, Saunders Companv, 1943. 
Pnee, $16,00 a vear. ' ’ 
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Applied Pliysiolo"}-, A'aie I'niveriitv. American Cliemica! Sm.-., ;v \\ ,• . 
praph Series. Second o<I. Pp. 201; various tal'le-. Nc-a Vnr.s. ' " 
Publishinp Corp., 191.3. Price, 
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Clinical Diaijnosis. By James ('. Tonn, Pii.B., M.D., Diti' Po 'i . ' ' 
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PNEDMONIA DUE TO THE STREPTOCOCCUS VIEmANS* 


By Saul Solosion, M.D. 

AND 

Men ASCII Kalkstein, M.D. 

NEW YORK, N. Y. 

(From the Fourth Medical Division of Bellevue Hospital, 

Dr. Chailes H. Naramack, Diiectoi) 

The Sireptococciis mridans {Streytoeoccus alpha) has up to the present 
time received little consideration as an etiologic agent in the causation 
of pneumonia. Careful search through the literature reveals few reports 
of cases. The relationship of S. viridans to subacute bacterial endo- 
carditis is well established. However, when the organism is found in 
the sputum of pneumonia patients, it is usually considered as either 
an upper respiratory saprophyte or a laboratory contaminant. It is 
our impression that in certain instances, the S. viridans is the primary 
cause of pneumonia and in other cases it may play an important role 
as a secondary invader in pneumococcic pneumonia. From the pul- 
niouavy focus, it may occasionally invade the blood stream.® 

Tlie rdle of this organism in the production of pneumonia suggested 
itself to us during the obser\'ation of 2 pneumonia patients who failed 
to show the usual good response to sulfapyridine therapy and in 
whom after careful study, it was found that the »S. viridans was the 
causative agent. This report concerns 5 cases of pneumonia attributed 
to the N. viridans.'\ The disease is relatively rare, but tin’s does not 
diminisli the importance of its recognition. 

Following are the protocols of the 5 cases which have come under 
our observation: 


Case Iffistories. Case 1 . W. IT., wliite male, ago S2, BufTerecl from a oliest 
coUi for 3 weeks with cough and oxiiectoratioa of thick gray .sijutum. He com- 

* rho^c ^•a!^cs were hhicHod as jiart of nn investipation conecrninp the merits of chenio- 
Uieran.v ami eomhined ehomotherapy and sentm in the treatment of pneiimoina, under 
t le auspiV,.^ of .j Committee for Piunnnonm Investipation eoii'-i'-tinp of Dr». Uii^;ell 
L- 1 et'il, 1, Opdeu Woodruff. .Asa L Luwoln and Charle;, H. Xaiumack (the latter three, 
I of the First. Second and Fourth Mmlieal Divisions, respect ivelyl. Norman 

lutnnier, Herhert K. Ensuorth, .Ianie« Liehinan, William H. Kammerer and the 
amluir-.. 

t Me oh'-orved o casjs of pnenmoeoccie pneumonia whose ilhie". was prolonpetl hy 
re win of t-mnular}- invasion of the infeined limp or pleura with thi' orpaiuvm. 

'<>1 eir, so h -jt-M, pm:! m 



.‘■OI.^MoN, KKl.K'-'U.lS; 


rciC, 


plainwl of pain in tlm loft cliill-. ami nc.ikjit'-. .‘i .i iv- . . • 

On mimiv'ion iio appoaml acntoly ill. deliytlnitiHl. .ami .lUn-a ir ‘1 i . *,• ( • 
dullnc-'j and brunrhial bmUbins; with nmuoroU' rn'jntant rab -■ <o. - 1 ;. r .-’ ‘ 
lower and riclit middle lolu'?-. and a frietion nib na- le^ird in tli.' av* v 
The Iioart wa< rapid but not onlanttal awl no nninmir' ui re litMol. Xo ;» t.i • 
were .‘■eon and the ‘-pleen wa- not palpable. Tiie wiiite eelb ..a nib. •- - 

miinliercrl lo.TtH) witli (>}'; younc fonn- of }Milyniiilfar>, Ii0‘, in.ifiire t. -r •, 
f monocyte.-- and .‘ 1 ' ( l.vmjiinK'yie,-. 

The paticntV downhill com>e wa^ raj>id. The tf mjieratiire ua- KU o !'. < ■ 
adini-^ion. It ^oon ro^e to lUr»° awl remaine<l around lU.t"' until -1- 
:i days after he ua^ lio-jiitalirtHl. The vputum na- thick, umy and ium ! 
Sptitum studie- on admi"ion anti on the follow ini; tlay ri-teal'-ii a p iri- i-.h -■ 
of X’. viriihins (nlphn). The blood ctdtnre yie!<h^i a heavy i;ro\v th ot .s'. • ' • • 

Signs of fluid develojietl at the right ba-e and a thorai ente-j-. L'l k .-jr- ! - ■' . 
death revealed ttirbid fluid which al-o shoWe<l a jaire growth of ,V. ',n ' ' < 
Penni^'ion wa-^ not obtaim'tl for autoji-y. 

C,\sr; 2. W. M. P., a colored, obt'^e female, age 'Jtl who 2 d i\ - f.T . c 
tooth extraction complainetl of very severe che'l pain and <lry n.'ici, s’ 
w.as admitted on the -tth d.ay of illne"; apjtearing dyspncic ami acut. I\ iH t /' 
consolidation of the right lower lobe. The heart wii' normal on rii-t'o’ 
e-xamination-;. The sinitum culture showtal ,s’. riVn/oii' and a fi <o'. n - ■ ' 
Type XVH pneumococci. In view «)f the fact that alternate i-i-" ic' p .- 
mncoccic jmeumonia during thi- sca-on were treatisl with -ertini a- W'b • 
.sulfapyridine as jiart of a contro!lc<l stmly,- --he ren uid imi.iioo m 
Typo X\’II antipneunmcoccic rabbit serum intraveiioiidy with no n-'-* ■ 
lung .suction on tiie following day showed a pure culture of .x’ no > 

The patient receivivl 2 gun of sulfaj'.vridine inumdialily on adtn'- ' i '■ 

lowerl by 1 gm. every A hour' for 2 week' with no improvement, al’.l t' 

level of free sulfapyridiiie in the bloo'I rnnaim-'l id out ." m; i» r !•’' '' 
Tiie teiniKuaturi' rang'xl nliout HfJ' to IIKP’ and tlie p iti'-ut’' i he ■ 'k' ' * 

was .severe ehf't pain, d'he phy-ica) sign' were tlm-e of fluid ' > - << • 

solidation and thi' wa' eonrirmed by a Uor-ntgen ray tak* a on tl.>- l.'i’' < v ' 
illiie"'. thoracente-i'. however, yield'll onlv 10 ec, o* bl'^o-iy f! i 1 " * • ^ 

culture showcal .'s', ri'n'dou-.. Tim sjcitum whieh had Nen mn- 'ir'i ' ' ' • 

teuaciou' heearue hloofiy and mueoid but imver fonl ."p'ltum i ' 

rejieated on the Oth d iV and 'hov.i-d .s'. » in pure eultur' 

The white cell' mimimritl Id, to*! with 70' , jhiIv mn !'''r' a* 1 ' i' b 
evtf'' on admi'-ion but after 2 wt»-k', tie* v.lut‘‘ iml- d'“pj’-'! t" * t ‘ 
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pleurisy and bronchopneumonia of the left lower lobe. A postmortem culture 
of the infected lung yielded the S. viridans, no pneumococci being found. 
The exudate in the involved lung was fibrinous and contained a predominance 
of lymphocytes. The lumina of the bronchioles contained considerable desqua- 
mated epithelium and lymphocytes. The mucosa and submucosa was infiltrated 
with white cells, mainly Ijunphocytes. The heart showed no abnormalities. 

Case 4. S. L., 52-year-old Chmaman admitted on the 3d day of illness 
with cough, fever, chills, and severe pain in the right chest. He appeared 
critically ill, and had consolidation of the right lower lobe. His sputum, was 
mucoid and thick but not bloody. It was typed both on admission and on 
3 occasions subsequently, showing several organisms, viz.: S. viridans, and 
Types II, IX, and XXIX pneumococci. 

He received sulfapyridine from the 3d to the 13th day, a total of 42 gm. 
being given. The temperature fell from 104“ to 101° on the 13th day, but 
apart from this, there was little effect upon the patient’s general condition. 
Type II antipneumococcic rabbit serum was given on the 10th daj’- with no 
ap])arent effect. The temperature on the 17th daj'^ rose to 104° and the patient 
had chills. A blood culture taken on the 20th day showed S. viridans in the 
broths. 

During the 4th week, the jirocess spread to the left upper lobe. During the 
same period, thoracentesis of the right pleural cavity done on 2 occasions 
yielded 150 cc. and 175 cc., respectively, of straw-colored fluid with a specific 
gravity of 1.015, and a predominance of pobmuclear cells in the exudate. 
Culture of the first specimen yielded S. viridans. The second specimen was 
sterile. 

During the 6th week, sulfamethjdthiazole was used for 4 days, a total of 
1() gm. of the drug being employed with little effect. 

The patient ran a prolonged, severe, febrile course. For weeks he was in an 
exhausted state but eventually he recovered. 

Case 5. P. S., a white miner, age 59, with a history of chronic "asthma” 
who developed severe chills, pleurisj’’ and fever 6 da5'’s before admission. He 
showed signs of partial consolidation of both lower lobes on admission. His 
sputum was white, mucoid and yielded Types III, XII, and XXXII pneumo- 
cocci on typing. On the 24th day, his sputum was bloodJ^ Sulfathiazole 
flierapy was started with no effect, although the blood levels ranged between 
7 and 10 mg. ])er 100 cc. The temperature remained between 101° and 102° 
until the 20th day, following which it began to fluctuate. The patient was 
severely toxic. Tliere was no evidence of fluid in the chest. There were no 
rordiac murmurs, no petechia;, no hematuria and the spleen was not felt, 
noentgon rays showed partial consolidation of both lower lobes as well as 
fibrosis and emphysema. 

The blood cultures, which, during the early stages were sterile, yielded 
o. vmdans on the 40th day. This organism was tested bj' Dr. Wlielan D. 
outliff in the laboratory of the New York Board of Health and was found to 
he re.sistant to sulfathiazole. 

Iho patient nan a septic downhill course, death occuring on the 50th day of 
iUnc.ss. Pemiission for autojisy was refused. 

These cases of viridans pneumonia demonstrate certain features 
in common as seen from Table 1. The lesion was lobar with a tendency 
to sjiread to im olve more than one lobe. Tins was demonstrated by 
Toentgenograms in the 4 cases wlicre Roentgen rays were taken. A 
prominent symptom was intense pleural pain. Pleural effusion occurred 
in 4 (ff the 5 cases. The fluid was thin and yellow with a predominance 
of ptilynuclear leukocytes; and in none of them did it become purulent 
(einpyoma).^ In all 4 cases riridan.s was found in pure culture in 
the fluid. The severity of the clinical course is indicated by the fact 
that 4 of the 5 patients died. Death occurred on the Sth. kith, 2Gth 
imd oOth day respectively. The one patient who survived, recovered 
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onlj" after a prolonged and exliausting illness lasting approximately 
2 months. 

Because of the well-known affinity of the S. midans for the heart 
valves, careful attention was paid to the examination of the heart. 
No murmurs, embolic phenomena or other evidences of endocarditis 
were noted in any of these cases, nor were valvular lesions present in 
the bacteremic patient who came to autopsy. 

The sputum was thick and mucoid, sometimes mucopurulent. The 
prune-juice sputum seen commonly in pneumococcic pneumonia was 
not observed, although in one of the cases the sputum was bloody for 
a few days. The S. midans was the predominating organism in the 
sputum of 4 of the patients, though in 3 of them it was associated with 
pneumococci. Leukocytosis of a moderate degree was present in all 
the patients during the acute phases of the illness. 

Bacteremia occurred in 3 of the patients, of whom 1 reco^"ered. 
Both of the non-bacteremic patients died. There does not seem to be 
any e^’ide^t relationship between the occurrence of bacteremia and 
the outcome of the disease. 

Analysis of the data in Table 1 shows that in all these cases the 
3. viridans was cultured from one or more of the following sources: 
the i)lood, the chest fluid or the lung juice. The mere finding of the 
organism in the sputum even in pure culture is insufficient proof of the 
diagnosis, though it should stimulate the search for the organism in the 
blood, pleural fluid and lung juice, particularly in atypical pneumonias. 

It is obvious that the usual rapid method of sputum typing by the 
capsule swelling phenomenon will fail to disclose the S. viridans. 
Sputum culture on blood agar plates is essential for its isolation. 
Mouse inoculation followed later by plating of the peritoneal exudate 
of the mouse is also a satisfactory method. The bile solubility test 
should be performed routinely to differentiate pneumococcus from 
streptococcus colonies. This was done in each case of this series. 

One of the circumstances that should raise suspicion of the pos- 
sibility that the <S. viridans is present either as a primary or secondary 
invader is the failure of the patient to respond to chemotherapy. 
Sulfapyridine was used in 3 cases, suifathiazole and sulfamethylthiazole 
were used in 1 case each with no perceptible influence on the disease. 

In one of the cases the organism was tested for us by Dr. W. I). 
Sutliff for suifathiazole resistance. It was found to be resistant. This 
is suggcsti\-e and certainly fits in witli the clinical lack of response to 
chcmothcra]>y. 

literature. Bullowa’ noted IIS eases where the *3. viridans was 
recovered from the sputum among 4416 typed cases of pneumonia in 
adults. In none of the.se cases was the organism found in the lung 
puce or the blood. The mortality rate was 13.5%. Bullowa concluded 
however, that in most of these cases it was difficult to assess the etiologic 
^significance of the organism recovered. The non-hcmoh-tic strepto- 
coccus may have been responsible for the disease or may have been 
an incidental finding in pneumonia due to another organism. In our 
cases this element of doubt was greatly reduced by the recovery of tlie 
ergamsm from the lung juice or the blood or from' both sources. 



77(1 


rNKCMosu DI K TO niK >-n:HTiH oi i I ^ \ll:ll>\N 


( ceil- ill IJIlS rcportni an rpiili'iiiii' nf ■.tn-ptiHucci*- p!it'ut’..i:ii i , • ! 
Hiiiiyciiia occiirriiis: at ('amp rptmi. Sixtv-foiir «.f tii.' v,r. 

attriinitcd to iioii-Iu'iiinlytic --troptociH-ci. IIowcmt. in a p r. tl 
coiiiniiinicatioii to tlu‘ aiitlior.--. ('iM-il pointctl out that in tiir-'* p ita ■ t- 
tlic (Iiapio>i.s wa^; not c-oiifirtiual hy ivolation of tiu' ori::ini-in fro'M t! 
jileiiral fluid or hlood. It ^!)o!I)d )»• honif in mind that ala n thl' 'Jc 1 
\va'^ iiiaile, a paiidomic of atri'j»tociH‘cic piuaiiiionia r ninpli' atta.: u.'i 
en/a ^wept the ooiintry. 

'J'lic di^TTfronr-f of ojiiiiioii n-irardiiii; tlic patluf^'i'iiiiit\ o' t! 
■S’, ririilmi.'t is illustrated hy Ueiinann’s stateiueut' that ihi. ' 

is definitely associated with only one disease, suli.eute iieti’'’! 
endoi'iirditis. Menton* in IiK!2 found the .s. siilimrlii'' in the hnra' .o * 
hlood at autopsy in se\-cral ease> of fiihuiriiitirut hniuehopn' iiiii<ee i i 
eliildreii. (lerharf/’ in I'.laf descrihed ease-, of juieuntouia dm to i' ■ 
enteroeoei'Us with iiisidioU' onset, iniitratiu'^ pneumonia and ft "[ui' 
tiy (y^is. 

Seiierehiti jiiid Ia'\'eiu;ond' reporte<l .s e;ise- of pnemnoni < uhii )f f) • 
tiltrihiited to the .S. nriilniix. 'ruo of their patients di'd md t' • 
reniJiiinler hail :i iirolonijed and exhaiistint; illnts.-., ’I’n,. ( Ijni’ al oi • 
of these eti'es h-iifls support, in vieu of otir e\i>erienie. to tl.> !•• ! • 
that they were due to .S. r/ro/ioiv. althoiieh the orL'.ini um'.i ri<o i-d 
only from the .sjiiitnm in 7 of the eases. 

Heiin.anir retiorted a series of atxpieal ])neunionias. fnen '.'n*’ •. f 
he a.'is able to isolate .a virU'. 'I'lie lindint: of the .s', rir-.’’” > i" t’l • 
sjititinii, |>lenral fluid and hhvod of <iur ease-. dis|ineui-he tliMM tr 
Ueiniann's eroup. Moreoxer, tlie e.ises de (rilnd io |{l•i^l!Ol" i i 
iliffiise fironefiopneimionia uitfi r.ireh an} e\ ident e la I'ei o'. fit 
a idle our [i.itienis sfiow ed eoiisolid.ition hoih on pit} i' .d t ' n i' o 

and h\ roeiiteenoeniin. 

Summary. 1. \Ve ha\e reportid (.i-e- ot ai}p;> d pi'O' ■' ■ 

\\ hieh the .s'. r<rii!n>"' aiifaMT' to h.ni' fie«'ii tie 
it ua- rei-o^ em! from sourees ttther tfian ’lie sputum 

2. .\n all.d'. si' of the-e eases pre'etif- tlje fipllo" n..' ft i*' 
sh'iitid stuv'i-'t tfie di i’.:no i> of pm tmioni t dm ?<■ .s r" ' ■ 
prolotu'isj -e; I re ( our e ( V. ith a lii^’t! im'rt.dif; r.itii.'^ < • '> ! 
rt e tint! hit •' roM ■< ;Tu -I'lti; f.'ilur* o' r. v.- . t.m ■* 

;; .\t', pit-.'! pmiinmni’. not rmp..; dm:.' to t'e'io'i • 

th--.''' •. .\ e.ir< ‘'id • Till fo" til o'.’ ' 

isi -Mtuttsl fro'n f!i< h^ ssl .i! d }>'■ u'.'l th;M . ’'h ' • 

f'f I j r f V - 
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PNEUMOCOCCIC PNEUMONIA: THE SELECTION AND CONTROL OF 
SERUM AND CHEMOTHERAPY BY SPUTUM EXAMINATION* 

By Arthur W. Frisch, M.D. 

Alvin E. Price, M.D. 

Gordon B. Myers, M.D. 

DETROIT, MICH. 

(From the Departments of Bacteriology and Internal Medicine, Wayne University 
College of Medicine and Receiving Hospital) 

During the past few years we have been utilizing Wright stained 
smears of rusty sputum from patients with pneumonia as an index of 
prognosis and as a guide to therapy. The outcome of the pneumonia 
could lie predicted more accurately by the number of pneumococci in 
the sputum than by any of the usual prognostic criteria such as type, 
bacteremia, leukocyte count, duration of the disease, age, and the 
degree of involvement.®'® The fatality rate was uniformly low in 
]>aticnts with less than 30 pneumococci per field and uniformly high 
in those with sputum counts over 30 irrespecti\'e of the above factors. 
Ifiirthermore, the specific response of individual patients to serum and 
sulfonamides could be readily followed by the examination of sputum 
at intervals during the course of the disease. While the end result of 
both of these forms of therapy is a reduction in the number of organisms 
in the sputum and lungs, this is accomplished in a different manner 
by each of the therapeutic agents. Adequate serum in moderately ill 
jiatients brings about a prompt agglutination of the pneumococci in 
the sputum within 6 to 12 hours, which is usually followed by phago- 
cytosis and a gradual reduction in the number of organisms over a 
period of several days.''®-® When large numbers of pneumococci are 
present, serum is inefficient and actual multiplication may occur 
despite the presence of excess antibody in the blood.' The sulfona- 
luides, on the other hand, exert a direct bacteriostatic action which is 
manifested by a reduction in the number of pneumococci within 12 to 
3() hours. A striking effect is obtained in the sputum regardless of the 
niunber originally present® except in the rare instances where drug 
fastness develops.® The marked superiority of sulfapyridine, sulfa- 
tliiazole, and sulfadiazine over serum or sulfanilamide ma.\' be liest 
demonstrated in the more severely ill patients with sputum counts 
exceeding 30 jier field.® 

Du the basis of the foregoing observations, the microscopic examina- 
tion of sjnitum would appear to be a practical method of individualizing 
tberupy in jmeumococcie pneumonia. Thus the mild cases could be 
dilierentiated from the severe ones by sputum counts and the dosage 
of serum or drugs controlled by following the effects in the sputum. 
• relimiiiary data supporting this premise have already been presented 

’ Suei'ortiHl hy a unmt from tlu- CiumnouweaUh Fund to the Michipmi Deoartment 
'R Uealth l.alwrutorie:*. 
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in a thcrnpcutif' t-xporiinent invulviin: •_’?() ('a-,'- of ptu titnn.-.,! 
pneiimnnia.’* 'J’lim* n-ore no in 1 Is patient-- uith '•pntniu n.'ai* . 

holow 10 for whom snpjxirtivo or senini therapy was s.-l.s’;,-,!; y. ie r, 
the fatality rate was lO'^ in l."s <’ases with spntiuii eottnts aK<)\f O' 
despite modern ehemotherajty. Tin* ohjeet of the jire'ent eominm ' 
tion is to present additional ilata (ameernint; the sputum lonui a- a 
means of selectin.i; therapy and als(t to evahiate it us a tm tiaHi 
frf)llin^' the dosat't' of iioth sertim and the 'tilfonainidrs in indiu’d'i.d 
patients with pneumonia. 

Method. Ppociinens of ni'ty spiitnin were oiitaineil mi ailne ' ! > fi - 

hospital, and the numher of ptieiniKieocei jn-r field was d- tinirn-s! le- '■ • 
nietlioti prenoush- drverilHsl.* ’ The diaeno'.- of ptientiieni t was -<1 ! ■ 

roentgeno^rrain in e.ich rase. Tliempy wh' then initiatMl in an.-wle -■ 
llie sputum count as oufliiuHi in TaMe 1. r-'iile-siui-tit 'iieeime:,- e*' »i io,- 
were oht.nined at intervals of 12 hmir.s or le-s in erder t<> deten-ii.'e- i.l • *! ' • ' 
not a themiK'utie effect had c>cctirred. \Vh-'n the (••nmts d-'cn a-.sl, t! • d ’ : 
was rc<liice<i as indicate<l in Tafile 1. If the nuinl>‘'r of paeuni-s e -t > -! 
Iteyond the limits of the rature in which the patient v. a- o.-ivin dlv c!-. "! t' 
therapy was modifier] to conform with that (-'tahlishis! fi>r th -- 1 - •• :• • •• 'ir- 
.scherlule in Table I was adhered to .as strictly a' tsi-'iii!" cm-* ;it iii tl. ■■ i ■ ■ 
with oricinal sputum cminf' excraslint; .V( p<T field. Tie- fat dit.v c t- - - ! 
in this trroup that we did not dare ri-k a relap-'- by rli-enritiii'iiii,' t! - r >w t • 
MKin. 'flic do'.nsrc of n..'i i;tn. cveiy -1 hours wa*. therefore, eo'ifM '!' -1 i • ! ■ ' 
2 days after ,a full liruc elTcct had b<s-ii ob'er\ed in the sp-rttet, 


Tniii 1. “Till. .srtieTios ^vr- Cnsac'ii. <i> 'I'ioi'm i hi ~.o r - v i '■ ■ ■ 


I*r I 

t-f O. I. I, 
K' i r Jr-« 


It J'l 


J> i'T'i- n I f 

«l.r. I fl.- : '7 

‘•**1 '* 

•>‘1) ISV - t - 

Am ' m 


h 't<- 


'i i I' t , 't it*. ’ ‘1 

f.- ; .M' I . « 

. . , P 


P . ' . - 

» < «' l' t» t .y i ' 

V ‘ « 


t ' t t f s I 


in CennV. cf 10 c* 

W’!’!';! t cd'.r--' ■' d' I f • 1'‘ I'' - '■ 


f ft' t 


1 , 


^ I M ’ 

*i' 




,v.. .-e i;-! ;■ 

f , .t >• - 



FRISCH, PRICE, IMYERS; PNEmiOCOCCIC PNEUMONIA 773 

pneumococci prior to the 4th day of the disease thus indicating the 
development of an active immunity, and (b) for those who had been 
ill longer than 4 days on the assumption that immune bodies would 
appear in time to dispose of the small number of pneumococci present.* 
On the basis of the foregoing criteria, 108 patients were started on 
supportive measures only (Table 2). Nine per eent had positive blood 
cultures, 16% had leukocyte counts under 10,000 during the acute 
stages, and 18% showed involvement of more than 1 lobe. The prog- 
nosis as based on the initial sputum count was erroneous in 3 cases 
which proved fatal. The number of pndiimococci in the sputum 
increased in 2 of these, but the institution of chemotherapy failed to 
prevent death. The fatal outcome was due in part to complicating 
l)ericarditis in 1 case and to uremia in the other. In the third patient 
who died, the pneumonia gradually extended from 1 to 4 lobes despite 
the fact that the sputum count remained below 10 per field throughout 
his illness. All 3 cases showed relatively few pneumococci in the lungs 
at necropsy. In 9 additional cases, the pneumococci increased suf- 
ficiently to bring the count within tlie 11 to 20 range and the appro- 
priate chemotherapy was accordingly instituted, following which a 
prompt fall in sputum count and an uneventful recovery occurred. 
The prognosis as based upon sputum counts proi'ed correct in 96 of 
the 108 cases for whom supportive therapy was originally selected 
since all recovered without specific treatment. Ei'idence of actii^e 
immunity as indicated by spontaneous agglutination of the pneumo- 
cocci in the sputum was obtained, in 72% of the patients. The fact 
that approximately 90% of the patients made the anticipated recovery 
without specific treatment proves the validity of the criteria originally 
set forth in the selection of cases. 

When the illness was less than 96 hours in duration and the number 
of pneumococci in the sputum did not exceed an average of 10 per 
field, serum was given in doses just sufficient to induce agglutination, 
beriim therapy was accordingly selected for a total of 114 cases fulfilling 
the abo\-e criteria in order to determine whether or not such small 
(loses were adequate for recox'ery (Table 2). Eighteen per cent of the 
cases had bacteremia, 7% had leukopenia, and 20% showed consolida- 
tion of more than 1 lobe. Subsequent specimens were examined at 
t» to 12-honr intervals during the course of the disease and no addi- 
tional therapy was given as long as clumping was maintained and the 
count did not rise above 10. Serum in this dosage proved inadequate 
m 9 eases. In 7 of those, including 1 fatality, the sputum count increased 
above 10 per field and chemotherapy was given. In 2 of the 9 patients 
the sputum count remained below 10, but pericarditis developed; one 
survived following chemotherapy, but the other expired. The remain- 
ing 105 of the original 114 cases recovered with serum therapy alone. 
.Vgglutination of the pneumococci in the sputum was induced and 
maintained in 95% of the patients in this group; so few organisms were 


,* j''' UwnUincHMis rlunipinp of jineumococci in the sputum i? frequently associated 

'Mth the appearance of agphitinins in the circulating blood (unpublished data}. 



n, J'i.'IO.. MU rXKrM#>(V.i f i<’ PXKfMnN-lA 


!>r>-rut i„ Ihr f.tlu-r .V; t!iat rliuni.. ''"'■f'f n-t (k- .lmnn.tnutvi.‘ 
ijic liox- of M-nim :iiiinnii-tt'rc»! tfi cadi patient wa^ 

unit-,, an amount ii-ualh- ronwVfcr.-*! itiarleriiiatc iiv the majo-itv 
ot muNtm.uor^. [n faet.as little a> -.‘.(VKhmif. pndiiwl'pr.nnptacdi!- 

tmatio'.i ill w,!n<- cavo,. 'rh,. .-uerace <io-e for liarteretnio wa^ nnlv 
units an.i a initiimum of suniwi in Mn’eral inMama>. 

1 ill '.' (lata sin.a that stnali of sernni a< (Mtitrolh'il !>v sputum 

ex.iiniiialious \\, re aihapiate for the recovery of over f***'^; of the 
patients Mint satisli.s] the criteria set fortli in tl.-e .'election of niscs. 









To.'-* 1^*3“ « 







^1 



• j ■} r •%’*“* r**'*’ ‘ Vt'i’ id f ■«».».*»» 

T-Vo— !- 07-- !.:- t[. U. Jt ir : V !:, Hi, .U. lit. t I s 


’I'iie re'tilt.s in the ahove (“U'e? iroatet! "ith sernm ami ritpjxirtive 
niea.'itres «soinpare favonii'Iy M'itft those ohtaintxl in a gnmp of 11^ 
tm>e!wto<{ I'lse-s tvith initial spnttnn wunts of 10 or It'S-' «ho receiveil 
routine ehemothenijn' (Tahle 2h This nm.sistcl of an inirial dose o* 
■1 itiu. fif siiifapyridine. .'tilfatliiazole. or sulfadiazine, followed hy I gm- 
e\ery 4 hours tfuTcafter until ati adcejuate eliuiad resfKuise was 
oiiservinl. The ineidciuv' of liaeteremia. leukopenia and imiltiple lohe 
involvement in the sulfonamide wmnds eorresjwnded closely to the 
averages for the other two groups (Table 2). hut tlie fatality nitc and 
numher of emnpiinitions were not significantly rcflueetl. Pefervcswtuv' 
omirrctl within IS Imurs after treatment in o2<T of the rases receiving 
snpjwrtive thenipy, in tVl^T- <if those given small doses of serum, and 
in TO^T of those reraiving routine doses of sulfonamides (Table •>). 

* Th<s .iErs!ulin-‘i;!0:i of I'm'urnocivx-: in she sjnisusn I'ollosni'.t: fertsm ifcor.spj 
lic'.-rit'c ! 5'rev!o««!y tonothor irith j'relimiaarj' ctata on the eontrot of ciosaw.--- ^ ^ ' 
eoncaiere-.i that an a;i;'ropn.ate re'!>or.?o had been obtained when diVti^ct 
j'nenmoeo"'ei apj'e.anix! oven thonch a!I orin»ni'=inf were not .acnjutin.atei..^ 
chimt'ine wa.< niaint.ainci. no adciition.a! sonini was p''cn. One dose o: r 

<nineient in SI ease': two were neeci«iry in 21; and three or more were rixi.*-^ 

4 ji.aticnt#. 
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Table 3.— Clinical Eesponse to Thebapy 








Treatment 

Hours to deferves- 






Total 

Fatal- 

ity 

(average) 

ccnce (in %) 

Corapli- 


Sputum 

Therapy 

Dosage 






. • 

Relapses 

cases 







count 

(%) 

Dose 

Days 

48 or 

49 to 

Over 

(%) 







(gm.) 

less 

90 

90 




•Supportive 


1 07 

‘ 1 

1 


' 52 

2S 


! 4 

1 


Scrum 

35,000 U 

105 

! 0 

t 


04 

20 

10 

i 4 

4 


Sulfonamides 

Routine NC* 

118 

J 

27 

4 5 

70 

15 

16 1 

3 

4 

11 to 20 

Sulfonamides 

Small C 

87 

5 

13 

3.5 

47 

10 

37 

14 

9 


Sulfonamides 

Routine NC 

07 

9 

31 

5.2 i 

59 

IS 

23 

0 i 

1 

21 (0 35 

Sulfonamides 

Afoderale C 

81 

o 

21 

4.0 

35 

20 

39 

10 

3 

30 to .Ifl 

Sulfonamides 

Large C 

34 

9 

34 

4 7 

27 

15 

58 

2S 

1 

Over M 

Combined t 

Large C 

27 

50 

45 

5 S 







Sulfonamides 

Routine NO 

19 

79 

32 

0 5 

17 

10 

73 

27 



Sulfonamides 

1 Large 0 

24 

42 

52 

7 2 







(' = runlrulled. NO = Not Coiilrolled. 

’ ’I'lifrajiy not selected by ajmtuiu count. 

t An average of •HO.OOt) units of seruni was given to each patient who survived. 


Results in Cases ivith Sputum Counts Between 11 and 35. If the 
initial sputum ouuut exceeded 10 per field, chemotherapy was deemed 
necessary regardless of the immune state or duration of the disease, 
hor cases within the 1 1 to 20 range, either sulfapyridine, sulfathiazole 
or sulfadiazine were given in an initial dose of 2 gm. followed iyv 0..5 gm. 
every A hours to determine whether such small doses were sufficient to 
reduce the number of pneumococci in the sputum and to bring about 
a reciivery. A total of 102 cases were treated in this manner (Table 2). 
Thirty-three per cent had bacteremia, J8% had leukopenia, and 42% 
showed in\'oh’cment of more than 1 lobe. I'liere were 0 ileaths in the 
series, 2 of whieli were due to uneomplieateil jinenmonia. A third 
j)atient died in delirium tremens .shortly after the administration of 
the initial dose; anotlier exjiired with a Type III pneumonia after 
recovery from the original Tyjie VII infection; a fifth died in uremia; 
and the last developed meningitis and expired despite large doses of 
serum and sulfapyridine. Idle re.sponse in the sputum was uiisati.s- 
iactory in 13 other eases, imt eaeli survived after the do.sage of sulfona- 
mide had been inereaseil. Nine relapses oeeurred in the remaining 
8-1 patients because of too rapid removal of drug, but all recovered 
without modification of tlie original plan of treatment. These patients, 
wlio constituted S2% of the entire group, received an average of only 
18 gm, of sulfonamides over a period of ,3.5 days (Table 3), Included 
uiuong the 84 ])atient.s who recovered on such small doses were 23 
cases with bacteremia, 14 with leukoiienia and 32 with' involvement 
of more than 1 lobe. 

Sixty-seven additional patients with sputum counts in the 1 1 to 2d 
range and a comjiarable ineidenee of liaeteremia and multiple lobe 
mvolvemont wlio were gii'cn routine do.scs of eliemotlierapy been 
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inclii(h'<i !is controls for the nhfoc /'roup (Tahics 2 nmJ 3) The 
\ K ors rc( cix C.1 an a\ cnt/rc tf.lal dose of 3 J of drug over a periofTof 

o.l (ia\s. In spite of the fact that the initial and suhseqtient doscs 
were twne as gumt as in the pronp where therapv was controlled hy 
spiitmn lindin/rs, the fatality rate and the duration of the dk-ase were 
not sijjiii{i(>,iiit!\ altered. 'J'he inehlenre of eomplieatinns and relap'cs, 
howewr, was appreeiahK lower in the gump refeixin/r routine ehemo- 
therapv. 'llus-e data show that over of the eases elassificd as 
nioflerateh ill on the hasi-, of an initial spntnni eonnt hetween ! 1 and 20 
will rcdoeron half the eustoniarx < lose of sulfonamides. 

When the admission sputum eonnt ranpefl hetween 21 and .3.5, 
<hemotherap\ was /,'i\en in an initial dose «tf 1 /rm. followed hy 1 gm. 
exerx I lutnrs. As soon as the « onnt fell helr)W 10 jier field the dosage 
was redmed h\ judf and the drug was disfontinued when a full efleet 
was oliserved (’lahle I ). ,\s a fonscfiueme of the control of dosage hy 
spiilnm e\<imination theaxer.ige total drug given to the M p.itieiits 
tre.ited in this manner was 21 gm. overa jieriod of 1 da\s. Although 
the dise.ise was somewhat more severe than in the aho\e group given 
routine i hemotherapv as shown h\ the higher spntmn eoimt and the 
greater ine'idenee- eif multiple lohe inveehe-ment anti leukopenia, the 
fatulitv neverthedfss was very low, amenmting tee onlv 2% {'r.ihlc 2).* 
'I'he (linie.d re-sponse. however, was slower, eleferve'C'enec oeenirring 
within IS hemrs in only of the 7!) eases whieh reeovered in contrast 
to .'dl'’,' amemg those treated routinely (Tahle 3). These data show 
that hoth the- sulfonamide dosage and the elnration eef thtTapv max he 
safelx eontreelleei h\ sputum examination and that excellent end results 
may he obtained with less than theeustomarx amount of c-hemotherapy. 

Results in Cases with Sputum Counts Over 35. 'I’hose j)atients with 
sputum eount.s hetxxeen 3(i and .">1) per field xxere elassod as sexerclx ill 
and were, therefore, considered as eanilidates for the sodium s,\lts of 
the sulfonamides in donhie the routine dosage. 'I'hey received 4 gin. 
intravenously on admission fcdloxxed In 4 gm. within the next 4 hoiiis 
and 2 gm. orallx every I hours thereaftc'r until an cfl’eet was ohserxed 
in the sputum. 'I'he eharaetenVation of the pneumonic process as 
severe was also home out In the fact that 08% had haeteremia, 41% 
show ed leuko|)enia, and 7(i% had 2 or more lohcn involx ed. f d'he fatal- 
ity rate of only *.)% in the prescuee of such a high incideueeof unfax or- 
ahle prognostic factors max he nserihed to the intensix c chemotherapv , 
as will he more clearlv .shoxxn in the group with sputum counts exccecl- 
ing 7)0. 'i'he average total chxsage of sxdfonamide was 34 gm., approxi- 
mately half of whieh was administered during the first 24 hours, the 
remainder given in diminishing doses during the next 3.7 daxs. 
vesccncc occurred within 48 hours in only 27% of the cases. Tiie 
longer course was in jxart attrihutahle to the fact that 28% had com- 
plications (Taide 3). _ . , 

The last group of patients with sputum counts ox cr of) per ne 
jrc classed as overwhelmed pneumonias and, therefore, receixex 


were 


* A cl('cm«(’ in the mimlior of piipiimocorn in tlio sinitnm occurred m 94^0 of flip 
I A liipniipulir response «is observed m the sputums of 92% of the cv'es 
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intensive therapy (Table 2). Early in the study it was felt that large 
doses of serum coupled with intravenous sulfonamides offered the 
greatest hope for recovery in this group of cases. The fatality rate, 
however, among 27 patients treated in this manner was 56%. The 
survivors received an average dose of 410,000 units of serum plus 45 gm. 
of drug over a period of 5.8 days.* Inasmuch as cases of tliis severity 
offered an excellent means of determining whether supplementary 
serum contributed significantly towards the recovery, we accordingly 
treated a group of 43 comparable cases with sulfonamides exclusively, 
with the resultant fatality of 58%. Among this group of 43 patients 
there were 19 who received the routine dosage of 4 gm. of sulfonamide 
on admission and 1 gm. every 4 hours thereafter. In those who recov- 
ered, the average total dose was 32 gm. over a period of 6.5 days. 
These cases were contrasted with a group of 24 others in which the 
sodium salt was administered intravenously in large doses as described 
above. Those that recovered received an a\’erage total of 52 gm. of 
drug over a period of 7.2 days without serious toxic reactions. The 
fatality in the latter group was 42% in contrast to 79% in the former 
given routine doses (Tables 2 and 3).t These data sujiport our con- 
tention that the overwhelmed cases may be detected by means of the 
sputum count. Furthermore, they show that supplementary serum 
contributes insignificantly towards recovery; that massive doses of 
sidfonamide intravenously offer a greater chance of survi^•al; and 
finally (Table 3), a clinical response within 48 hours is the exception 
rather than the rule in such severely ill patients. 

Discussion. The determination of the average number of pneumo- 
cocci in Wright stained smears of rusty sputum has proved to be a 
simple and reliable method for the selection of therapy in pncumoeoccie 
pneumonia. The admission sputum count was of considerable aid in 
differentiating the mild and moderately ill from the critically ill 
patients. Although it was shown that over 9l)% of the mild cases 
recovered with minimal doses of serum or with supportive treatment 
only, we believe that these jiatients would have responded more 
promptly to small amounts of sulfapyridine, sulfathiazole or sulfa- 
<iia7.ine and with less danger of extension or relapse. The chief value 
of the admission sputum count lies in the fact that it provides a means 
lor the prompt recognition of critically ill patients who should have 
nmnediate and intensive therapy. Our original premise that large 
doses of serum in conjunction with the sulfonamides would offer more 
chance of recovery than chemotherapy alone was not borne out by the 
re.sults. Although the effects of both agents were demonstrable in the 
sputum, and although the eventual reduction in the number of pnciuno- 
c<>cci was accomplished by two entirely diff erent mechanisms, the data 
sliowecl that the beneficial results with combined treatment were 
primarily due to the sulfonamides and not to the serum. i In addition. 

cfTi'ot from senmi was t>h.s?m»d in 45*7- 5»nii from chemotberopy in o‘2Sc of if'O 

* i'" * tbonipy was notoci in the spiitunis of OSC;, and 4TOj rpsjiei’tivcly. 

* in tbt' study S o.'isos with sinitum counts cxoctsUm: oO wore troatt'rl with sornni 
•none nud all cvpiuHl. 
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tlic clearly (iciiuiiistrateil superiority of intravenous cliemntherapy in 
larfrc (loses over oral drug in rontitie doses again cmphnsi/es the 
inip(»rtniiee of ade(|uate treatment in the critically ill patients with 
spiituin counts exceeding oO. Since a Jiigh fatality rate still prevails in 
this group and iiecau-e no serious toxic manifestations resulted from 
the do'C'' i^cd, the de.-irahility of even larger doses during the first 
IS hour.-« should he seriously considered. In our oj)inion the major 
prohleuisare first, to keep the patients alive long enough for the sulfona- 
mides to exert an effect, and second, to carry them through the eom- 
plic.'ilions that so friaiiiently develop, ^'hus, among the fulminating 
cases with high sputum c(auits a total of ‘i*") of the -10 deaths occurred 
within the first 21 hours after therapy had heen started. Ten of the 
I.) which survived more than 2-f hours showed a maximal reduction in 
t he nuuiher of pneumococci in the sputum and in the lungs at necropsy. 
I’liriilent complications were responsible for (i of the 10 deaths and 
serious associated diseases were important contributing factors in the 
other •! cases. 'I’lit' remaining o deaths included -1 cases in which the 
pneumoeocci had become resistant to the sulfonamides and 1 patient 
who expired within .‘{(i hours after fheraj)y had been instituted. In 
view of the fact that intravenous chemotherapy in the doses used 
reduced the fatality rate from 7!) to it is possible even larger 
(loses might be more effective when the sputum count exceeds oO per 
field. 

.riupi)lementary .serum has been generally advocated for patients who 
fail to respond to drugs within the first -IS hours after therapy has been 
institut('(l. Our d.'ita are at variance with this concept .since it has been 
shown that even mider optimal conditions for recovery (sputum counts 
below It)) defcr\'csconcc occurred within -ffS hours in only 70% of the 
cases treated with sidfonamid(*s. iMirthermore, the clinical response 
(vas markedly delayed in the ox’crwhehned cases, where it was found 
that le.ss than 20%, showed a defervescence within 48 hours after 
tr(>atmcnt with massive doses of sidfonamides often supplemented by 
scrum. .As a general ride, a full bacteriostatic effect from eheuHrtberap.v 
was demonstrable in the sjiutum and lungs' of the vast majority of 
patients who lived more than 48 hours after treatment had been 
instituted, A failure to obtain a clinical response after 48 hours of 
cheinotherai)y was attributable cither to the overwhelming nature o! 
the primary di.sea.se, to complications, occasionally to drug resistance, 
or to other factors which are not at present understood. Relatne> 
few cases were seen in which the pneumoeocci were refractory to tie 
bacteriostatic action of the sulfonamides. Among the total 694 cases 
studied there were only 12 (2%) who wore classified as resistant either 
because the drug failed' to reduce the number of pneumoeocci or because 
the organisms, after an initial decrease, returned to tlie sputum xslii e 
the drug was being administered.®''''® As a result of these obserxations 
we believe that the use of serum sliould be limited to the few cases 
in which finig resistance is demonstrable. 

The reliability of the sputum as a method for the control m s 
dosage is evident from the data presented. During the period n i 
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serum was the only available specific remedy for pneumonia, the 
standard dosage was based largely on clinical experience. In an attempt 
to prevent failures in the seriously ill patients, there was a trend toward 
a gradual increase in the recommended dose of serum. The utilization 
of the sputum as a means of controlling serum dosage has shown that 
in more than 90% of properly selected cases, an average of 35,000 units 
was sufficient to effect a recovery. The Francis test as a method of 
judging serum dosage has been disappointing in our hands. Over 60% 
of the cases gave false positive skin reactions on admission despite the 
fact that polysaccharide from 4 different sources was tried. We also 
noted that the skin test remained negative in many patients who 
responded well to minimal doses of serum. When excessi^’e doses were 
used, a positive test was elicited. 

The moderate to mildlj’’ ill patients with sputum counts under 35 
who constituted 85% of the total admissions have hitherto received 
larger amounts of sulfonamide over a longer period of time than is 
actually necessary. By reducing the dosage as the number of pneumo- 
cocci decreased and by withdrawing the drug after a full effect was 
evident in the sputum, satisfactory results were obtained with a total 
dose of 10 to 25 gm. administered over a period of 3.5 to 4.5 days. In 
these cases it was found that minimal effective blood concentrations 
were between 3 and 4 mg. per 100 cc. for sulfapyridine and sulfadiazine 
and between 1 and 2 mg. per 100 cc. for sulfathiazole. Although the 
initial small dosage did not appear to encourage the de\'elopment of 
drug resistance, the incidence of relapses and complications was higher 
than in a comparable group of cases receiving routine doses (Table 3). 
For the above reasons we believe that the small dosage scheme should 
be so modified that larger amounts of drug are given during the first 
24 to 48 hours and the subsequent dosage controlled according to the 
sputum response. By this method the maximum therapeutic efficiency 
of the sulfonamide drugs would be insured, but tlieir toxic and sensitiz- 
ing effects^" would be minimized. 

Summary. The treatment of pneumococcic pneumonia was indi- 
vidualized by dividing the cases into 3 major prognosis groups accord- 
ing to the number of pneumococci in Wright stained smears of rusty 
sputum. The cases in the first group represented approximately 50% 
of the total admissions and were classed as relati^•ely mild on the basis 
of sputum counts of 10 or less during the course of the disease. Over 
95% of these recovered with supportive therapy, with small doses of 
.serum or with sulfonamides. Although the \'ery low fatality rate of 
2% was not appreciably altered by sulfonamides, the pneumococci 
were more effectively prevented from multiplying and a more rapid 
defcr\-eseence was induced. The patients in the second group rep- 
resented approximately 35% of the total admissions and were classed 
as moderately ill on the basis of sputum counts between 11 and 35 
|)er field. By decreasing the dosage when a therapeutic response wa.s 
elicited in^ the sputum, the total amount of sulfonamide administered 
was significantK- reduced without affecting the final fatality rate. The 
last group with sputum counts over 35 included only 15% of the total 
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cases, iml was resjmiisihlc for 7(»% of tlio flentlis. 'I'he soriium salts of 
till- snlfniiaiiiKh's in larp- <lnscs intravciiniisly wore the most effective 
llicrapcuticaKcnts. Supplementary scniin proved to Ik; of no additional 
value in tlie niost severe eases with sputum counts exceeding oO per 
field. From this study it was eoneluded that the initial and subsequent 
examination of sjmtuni can he effectively utilized as a method for the 
selection and control of therapy in piieuniococcie pneumonia. 
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XANTHOMATOSIS— HAND-SCHULLER-CHRISTIAN TYPE: REPORT 
OF A CASE WITH PULMONARY FIBROSIS 


Hy dAMKS II. (’fUUKN.S, M.l). 

I KI.I.OW IN MKDiriNi:. M^YO rors'DATION 
AM> 

\Vai-tku C. I’oi'i’, M.l). 

.“itmos ON TMr.nsrKfTic n\M(n.o(JV» mayo cmsic 
nocnK.<Ti:n. mink. 


'riii.s disease was first de.«eril)ed hy Schriller* in 1915 and elaborated 
iifioii by t'hristian in 1919 and Howland in 192S. It has since been 
aeeopled as a distinct clinical entit.v, as is evidenced by the frequent 
rejiorts of eases of it in the literature. I’hc presence of (1) map-like 
dcfect.s of the .skull, (2) c.xophtlmlmos, and (3) signs of liypopituitarism 
(diabetes insijiidus and dwarfism) have been generally accepted as 
the triad nece.ssnry to the making of a conclusive diagnosis. Experience, 
lunvever, has shown that .such actually ks not the ease, since only one 
or two of the clinical .signs may be present. It has been found also that 
involvement ma.v occur in an.v part of the rcticulo-cndothelial system 
in the body. Such clinical .signs ns lymphadenopathy, pulmonary 
fibrosis, hypeqiyrcxia, hepatomegaly and splenomegal.v, involvement 
of the long Imncs and icterus may be found. 

The etiolog\- of the disease remains obscure, although it is thought 
to be due probably to a disturbance in lipoid metabolism, especially 
of cholesterol metabolism, and of the cholesterol esters, possibly in 
the cells of the rcticnlo-endothelial system. Thannhauser, in his 
recent (1940) complete monograph referred to this disease as a primary 
essential xanthomatosis of the normal cholesteremic type. Hoivever, 
the histologic appearance of some of the tumor suggests very strongl.r 
to some pathologists that the disease may be an infectious type of 


granuloma. ^ 

* The first cliiiicn! clcsctiplion of this condition rvns made by Alfred 
Phila Path, Soc, 1895). who iccoKnized the main triad but, like the other earij .n 
vostigntors. has incorrect ideas as to its etjologj-. Editor, 
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nmisiml. The relatively low ntnomit of fat found in analysis of the tissue taken 
from the skiill reveals that the prnmilomatoiis procC'S at this stage is not rich 
in ehnloterol and suggests that the process was relatively old. The pulmonarj’ 
fibrosis Ukevuso suggests that the disca«e was fairly long standing. However, 
in one ease in whieli the patient was a cfiild, recently ob=en’ed by Hampton, 
the roenfgenohigie picture of the lungs changed from that of a miiiaiy process 
not unlike iniliarj’ tuberculosis to that of extreme pulmonarj' fibrosis and 
emphy.sema, within the course of .'t months. At necropsj* the alveolar walls 
were found to be destroyed and the interstitial tissue of the lungs was heavily 
infiltrated with granulomatous tissue. On the basis of Ilampton’.s observations 
it serans likely that what appear- to be fibrous tis-ue in the roentgenogram 



Fio. 1 — Pulmonnrj' lesion after RoentRon therapy. 


actually may be giamilomatous tissue, .although the ultimate result probablj 
is fil^rosis. 

Roentgen therapy was begun on January 17. One treatment to the zone 
of involvement in tlie rigiit portion of the calvarium and one anterior and on 
posterior field to the head of the left femur, were employed. The treatment 
were adininisteied with a moderate voltage technique (130 kv. constant 
potential), and a total dose of approximately 2/0 r was utilized. Because of t ie 
nossibility that the lesions in the lungs may have had a gianulomatous basiy 
one area of treatment was given to the left lung both anteriorly and Posteno* • 
The treatment to the lung was earned out m tins manner so that a cmi p so^ 
might be made between the treated and untieated side of the lung. Two addi 
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tional courses of treatment were administered at monthly intervals. The last 
examination was done on June 17, and marked improvement was found in the 
osseous lesions (Fig. 3a and b). The last roentgenograms of the thorax dis- 
closed some slight exddences of improx^ement (Fig. 4). 

Comment. This case is unusual in that it presents pulmonary 
fibrosis which in the past has been seen rarely in connection with 
xanthomatosis. The improvement in the osseous lesions is typical of 
the changes seen in juxmnile xanthomatosis after Roentgen therapy. 
In our experience Roentgen therapy in moderate doses causes a definite 
therapeutic response, whereas large doses call fortli little or no response. 
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THE ANTIBACTERIAL ACTION OF THE LACTIC ACID AND 
VOLATILE FATTY ACIDS OF SWEAT* 

By Olaf Bergeim, Ph.D. 

AND 

Theobore Cornbleet, M.D. 

CHICAGO, II.I,INOI.S 

(From the Departments of Phj'siological Chemistry and Dermatologj', University of 

Illinois College of Medicine) 

I’eck, Rosenfeld, heifer and Bierman^ have .shown that thermal 
sweat may have fungistic and fungicidal properties at a pll below 7, 
particularly when concentrated, and that these properties depended 
on its content of acetic, propionic, caproic, caprylic, lactic and ascorbic 
acids. They also found topical applications of these acid ingredients 
ol .sweat to be valuable in the treatment of fungous infections. 

One of us has been interested in the role of the volatile fatty acids 
ui the inhibition, under certain circumstances, of the growth of micro- 
organisms in the intestines of animals and man. In order to interpret 
these results it was necessary to study the relation of pll and of acid 
concentrations of the volatile fatty acids to their antibacterial action.*'’-*' 
1 hese results are also applicable to sweat and should help to clarify 
the significance of the volatile fatty acids in this secretion, as do also 
eertam other analogies between the situations existing in perspiration 
and in the intestinal contents. Some observations on sweat made from 
this view})oint arc here reported. 

Methods. Sweat specimens were collected as follows: The subjects 
Were encased in a rubber bag as far as their necks and seated in a heat 

1 !u' oxpoiiyos of ibis iuvostig-.ition were mot in pnrt by gnints mndo to the Uni- 
voiT-uy of IRinois by St.iminni Bnmds, Ino. 
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cahiiiol. Iiicaiulcscotit lamps fiirni.slied suflicieiit heat to obtain from 
HK) to L’OO ee. sweat in 20 to .'}0 inimitcs. In some cases, specimens 
were coileeted after tlie individual had been tlioroiiglily scrubbed to 
remove any evaporated sweat fnmi the skin surface. Other specimens 
were obtained without scrubbing ns to include such dried sweat. 
Serial specimens were al.'^o colle<‘ted in order to see if there were any 
(•hanges in composition during the sweating period. 

'Potal volatile fatty acids were dcterminerl by acidification with 
.sulphuric acid and riistillation with additions of water until all volatile 
acid had been ilriven over, followed by titration, msing phenolphthalein 
as an indicator, afttw the distillates had first been aerated for 15 minutes 
with a current of air free from i-arbon dioxide. Observations as to the 
nature of the volatile acids pre.sent were made using the method of 
Uerkman.^ Lactic achl was <jeterniine<l by the method of Friedemaim 
and (Iraeser.^ .\mnioniu was determined colorimetricaliy using 
.\'e.ssler's reagent, plf determinations were made with the glass 
electrode. 

Lactic Acid in Sweat, d’lie antiliaeterial action of the acids in sweat 
may depend in part upon their production of an inhibitory pll. For 
such inhibition, however, most mierobrgani.sms re(|uirea pll of below 5. 
In samiilos of heat sweat we have noted ])II values as low as 5.1 but 
the average was .5.7. I'rom our published studies such pll values 
cannot be expected to be very efl'eetive in sterilization. Kflectiveness 
depends, however, also upon the nature of the acid The acid present 
in sweat in largi'st amounts is lactic acid (about 0.1 % or about 0.01 X). 
.•\side from the pll effect, the undi.ssociated lactic ac>id also has some 
influence. Our observ ations on lactic acid indicate, however, that its 
molecules have a low sterilizing value (lower than that of acetic acid 
or any of the other volatile fatty acids) and are so few in number at 
the av'crage jiII of heat .sweat that the lactic acid of such heat sweat 
could Imnlly have more than a mild antibacterial action with reg<wd 
to most organisms, 'i’hus lactic acid in 0.1 X’ solution had no inhibiting 
elfect on the growth of A’.vc/;. roh' when adjusted to pll 0. although at 

pll 5 it had someaction. Of course some organisms are more susceptible 

than /Cat//, coli as shown in a previous paper.*"'*' ('oncentration of 
persi)iration liy evaporation on the surface of the skin may, liowever, 
obviously alter the situation. Evaporation to one-tenth volume or less 
might bring the lactic acid normality above 0.1 and if tlie pH falls at 
the same time or remains constant at near 5 fairly efl’eetive conditions 
might be expected. Since lactic acid because of its larger quantity 
must preponderate in its effect on the pll of the sweat and because the 
volatile fatty acids appear to be largely formed from the lactic acid, 
this acid must be of primary importance. 

Lactic acid appears to be secreted as sucli bj* the skin since it is 
present in the sweat of subjects who liav’e been thoroughly scrubbed an 
since it usually decreases rather than increases in amount on incubation 
of sweat (Table 3). The secretion of lactic acid seems therefore to be 
the more fundamental process in the acid bath of the skin and deter- 
minations of lactic acid in sweat may therefore be of interest. 



BERGEIM, CORNBLEET: ANTIBACTERIAL ACTION OF SWEAT 787 


necessity for a suitable pH (5.5 or lower) for its action on organisms 
must howe\’^er never be disregarded since neutral lactates, such as 
sodium lactate have little if any effect. 

pH of Sweat. We have found the pH of heat sweat to vary from 
5.1 to 6.95 in 24 cases studied with an average pH of 5.7, The pH of 
the more acid of these sweats may be sufficient together with the 
molecular effects of lactic and fatty acids present to have some, but 
hardly any strong, antibacterial action. Any influence might be 
expected on the growth of only the more susceptible microorganisms. 
Ordinarily, of course, sweat is concentrated upon the surface of the 
skin by evaporation and since lactic acid is not volatile, a fall in pH 
with consequent increase in antiseptic powers might be expected. We 
have evaporated heat sweats at 40° C. in a current of air and found 
significant decreases in pH. Thus 4 sweats having pH values of 5.2, 
5.3, 5.6 and 6.0 on concentrating 23 to 50 times gave values of pH 5.0 
to 5.1 . These changes in pH are not great, yet taken with the increase 
in lactic acid concentration to 0.2 N or higher may be of importance, 
as the growth of Escli. coli for example is inhibited at pH 5 by about 
{).] N lactic acid and other organisms are still more susceptible. . 

The influence of e^mporation of sweat on the pH is not, however, a 
simple one since bacterial action on sweat constituents occurs simul- 
taneously with such evaporation. Apparently the skin bacteria convert 
some of the lactic acid to volatile fatty acids. This might ha^'e little 
effect on pH. The action of organisms on organic nitrogen compounds 
of sweat, particularly urea, results in ammonia formation. This ammo- 
nia has a neutralizing effect on the acids. Twenty samples of heat 
sweat showing pH values from 5.1 to 6.5 were incubated at 37° C, for 
18 hours. The resultant pH values varied from 6.25 to 8.30 and were 
mostly above pH 7.0. Some of the results are included in Table 2. 
In alkaline or neutral solution lactic acid and the volatile fatty acids 
arc very ineffective. If it were not for evaporation, therefore, sweat 
would rapidly lose the mild antiseptic action it might originally have 
had. On incubation of sweat, ammonia nitrogen may rise from 5 mg. 
or loss per 100 cc. to 25 mg. or more. This amount of ammonia is suf- 
ficient to account for the neutralization of lactic and other acids that 
occur.s in the incubation. 


On evaporation of incubated sweat the pH gradually falls. Thus a 
specimen of sweat with a pH of 6.1 on incubation for IS hours had a 
pll of 7.0, and on concentration at 40° C. in a current of air came back 
to 5.9. Other cases where concentration and incubation went on 
together over a period of about 6 to S hours gave final pH values of 
near 5.0. Such tests may more nearly approximate conditions occurring 
on the skin. 


'riie change from alkaline to acid solution on evaporation is appar- 
ently (lue to the fact that lactic acid is non-volatile and the so-called 
volatile fatty acids are also less volatile than ammonia, so that ammonia 
passes off leaving most of the acids behind. Thus a specimen of sweat 
having ;in ammonia concentration of 6 mg. per 100 cc. was incubated 
at 10° C. for 18 hours and ammonia went up to 24 mg. per 100 cc. The 
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wlietlier .any appreciable amounts of volatile acids are actually secreted 
in sweat. This is in line with the finding of practically no volatile acids 
in urine, where lactic acid is however found. Apparentlj^ the volatile 
acids formed in metabolism are very rapidly oxidized in the body so 
tliat they do not accumulate in the blood or appear in the urine. 

If the volatile fatty acids are not excreted in sweat or only in small 
amounts they must be formed on the skin by bacterial action. Experi- 
ments on the incubation of sweat support this ^’■iew. Sweat was incu- 
bated at 37° C. for 18 hours. Some results follow: 


Table 2. — Changes in Sweat on Incubation 

pH Volatile acids (normality) 


Subject 

Before 

After 

Before 

After 

1 . . . 

. 6 95 

8 00 

0 0037 

0 0100 

2 . . . 

. G 4G 

7 00 

0 0010 

0 0035 

3 . . . 

. 5 75 

7 17 

0 0023 

0 0084 

4 . . . 

. G 15 

7.46 

0 0020 

0 OOGO 

5 . . . 

. 5 38 

8.05 

0 0090 

0 0125 

0 . . . 

, 6 10 

8 30 

0 0043 

0 0105 

7 , . . 

. G 10 

7 00 

0 0010 

0 0025 

8 . . , 

. 5 30 

5.90 

0 0010 

0 0028 


It is evident that the volatile fatty acids of sweat may increase 
markedly on incubation and it appears that most if not all of the 
volatile acids found in sweat that has remained for some time on the 
surface of the body must be due to bacterial action. 

That the volatile fatty acids are largely formed b}”- bacterial action 
on the lactic acid of the sweat is indicated by the fact that on incuba- 
tion of sweat the fatty acids rise and the lactic acid decreases to about 
the same extent (Table 3). A similar formation of fatty acids from 
lactic acid occurs in the intestines. While it is not certain that all of 
the fatty acids are formed from lactic acid, it is not clear from our 
knowledge of the chemistry of sweat just what other constituent might 
yield fatty acid. No study has been made of the bacteria concerned. 
Incubation of sweat made sterile by Berkefeld filtration causes no 
decrease in lactic acid or increase in volatile acids. 


Table 3.— Effect of Incubation op Swe.at on Lactic Acid and on 
Volatile Fatty Acids 

(IiiPiii)ation for 24 liours at 37° C. Results expressed in normality) 


Swoet lactie acid Volatile fatty acid 


Before 

.4fler 

Before 

.■\fter 

Lactic 

acid 

Volatile 

acid 

ineiibation 

iiieubntion 

incHl>atioii 

incubation 

decrea'-e 

increare 

0 018 

0 015 

0 001 

0 003 

0 003 

0 002 

0 025 

0 018 

0 002 

0 OOG 

0 007 

0 004 

0 028 

0 022 

0 002 

0 005 

0 000 

0 005 

0 018 

0 017 

0 001 

0 002 

0 001 

0 001 


1 he volatile acids do not therefore appear to lie primary constituents 
of .sweat and amounts present are naturally variable. ''Fhat neverthe- 
ess the volatile acitis may be significantly antibacterial upon the .skin 
has been indicatetl by the work of Peck rf nl. Our work on the fatty 
acids intlieates in some tletail what comlitions must exist with regard 
to tliein it they are to he effective. It is doubtful whether thev ever 
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have much influence simply throiiKli their effect upon the pll of the 
sweat since they are eonnnonly present in definitely smaller amounts 
than lactic acid and are weaker acids. Their influence must be due 
chiefly to uudissociated ino!eculc.s of the acids and will depend upon 
the nature of the acid aiui upon its dissociation wliich in turn depends 
upon the dissociation constant of the acid and upon the pH. Thus 
acetic aeirl has an iouixation constant of 1.85X10"^ If we start with 
0.1 X acetic acid (j)II 2.80) and a<ld XaOII to obtain a hydrogen-ion 
concentration of I. So X 1(1"^, (pll about -1.7) there will be an equal 
number (0.0.) .\) of acetic acid molecules ami of acetate ions. Xeu- 
traliziug to pll 0.7 the acetic acid molecules would be about |th as 
great (0.0!) X) and at jill 0.7 about d^th as great. Acetic acid is thus 
very effective at pH o, fairly effective at j)II 0, but becomes rapidly 
ineffective above that {)oint. Lactic acirl having an ionization constant 
of 1,-1 X 10 '^ wonlfl be half in the molecular form and hence have a 
high molecular elVei't at jdl 0.85. It would have a fair effect at pH 
•1.85, but a low elfectiveness at jdl 5.85 or higher. There is thus a 
range of about ])ll 5.-1 to 0.2 where lactic acid tends to be ineffective 
but acetic acid (also proi)iouic and butyric acids) may still exert an 
appreciable influence on l)actcrial growth. 

Where the lactic acid of the sweat succeeds in maintaining a pH of 
5 or lower its effect may predominate, but when it falls to around pll 6 
from any cause the volatile acids may be more important. The volatile 
acids thus form a sort of “second line of defense.” This is essentially 
the .same thing that occurs in the intestines where lactic acid production 
from carbohydrate may inhibit some bacterial growth, but as this 
acid is absorlied or neutralized to a pH in the neighborhood of 0, the 
production of volatile acids from the lactic iieid extends the protection 
to thc.se higher pH levels. .-Vs in the intestines the situation is quite 
complicated, making difficult an exact evaluation of the importance 
of the volatile acids in a given case. We have variations in amount 
of sweat secretcfl, in the conqiosition of this sweat on different areas 
of the skin, in the degree and rapidity of evaporation, and in the 
character of the skin flora. Pathologically also the resistance of the 
organisms concerned in the skin pathology must be invoh'ed as well 
as any influence of pathology on perspiration. We have published 
results oil the resistance of a variety of organisms to the volatile 
acids. Peck ct al. have published results with certain fungi. _ 

Of the 18 organisms studied by us, many were inhibited by 0.005 X 
volatile fatty acid at pH 5.4 to 5 or lower and most of thein by 0.01 
X %’olatile fatty acid at pH 5 or lower. Seven organisms were inhibited 
by 0.025 X' butyrate at pH 6.4, and 1 1 at pH 6.0. A sweat containing 
0.025 \'olatile fatty acid and hence efi'ecti\’e against many organisms 
in the neighborhood of pH 6 could readily be formed by evaporation 
of fresh or incubated sweats to from gth to -,Vth their \'olumes ant 
where such conditions are found upon the skin a protective action ma,' 
be postulated. At reactions above pH 6.5 such protection must e 
very slight no matter what amount of lactic or volatile acids may De 

present. 
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Peck ct al. have reported some success in the use of volatile acids 
ill the therap.y of certain skin disorders. We believe our reports ha\'e 
added something to the rationale of such use by emphasizing the 
limits of pH at which effectiveness of the various acids may be expected 
and by pointing out that buffer solutions of these acids should be much 
preferalile to use than the pure acids because their buffering effect 
helps to maintain the given acidity and because the irritant effect of 
low pH in itself is much decreased. Thus solutions of the volatile fatty 
acids, especially acetic and propionic from 0.01 to 1 N neutralized to 
from pH 4.5 to 6.0 should be given further trial. As antiseptics such 
solutions have the advantage of low toxicity. 

Studies on the pll, lactic and other acid concentrations on various 
slvin areas, with special reference to certain types of skin disorders, are 
being carried out as well as studies of the conditions under which 
applications of buffer solutions of the acids may be useful. 

Summary. An effort has been made hy the application of previous 
findings from this laboratory on the factors governing the antibacterial 
action of the volatile fatty acids to clarify the relation of these sub- 
stances to the antiseptic action of sweat. While interpretation is com- 
plicated by the variety of factors involved, the general picture seems 
to be as follows: Freshly secreted sweat may have a mild antiseptic 
action due largely to its acid pH, for which lactic acid is largely respon- 
sible. hfvaporation of such sweat on the surface of the skin or else- 
where tends to lower the pH and increase the lactic acid concentration, 
so that the sweat becomes much more effective in this regard. Tests 
on incubation of sweat show, however, that there is also a tendency 
for the sweat to liecome alkalinized, due to ammonia formation by 
bacteria from the urea present. Ammonia is more volatile than lactic 
acid, however, so that on evaporation much of this ammonia is lost 
and the lactic acidity regained. The volatile fatty acids are largely if 
not entirely formed on the surface of the skin by bacterial action upon 
the lactic acid. Above pH 5.3, lactic acid is so completely ionized that 
few undissociated molecules of acid (on which much of the antibacterial 
action of the acid must depend) are present. The chief protective 
value of this acid lies therefore below pH 5.3. The volatile acids are 
less dissociated (and hence more effective) in the pH range of 5.3 to 6.2 
riieir most important role would appear therefore to be the extension 
of some degree of acid protection into these higher pH levels which 
also exist on the skin under certain conditions. 

Conclusions. Sweat as secreted contains lactic acid in amounts suf- 
heient to give it some bactericidal action. Evaporation on the skin 
mereases the lactic acid concentration and renders the sweat much 
more effective. The concentration must be such as to give a pH of 5,3 
or lower for the lactic acid to have much effect. The volatile fatty 
acids of .sweat ajjjiear to be formed by bacterial action on the lactic 
acid. They arc present in smaller amounts than lactic acid in sweat 
but are relatively more effective in the range of pH 5.3 to 6.2. They 
Biay therefore extend the antiseptic action of the sweat into the regions 
of the skin where this pH range prevails and thus act as an additional 
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safcpiinrd against skin infcotions. Tliis can l)c of some importance in 
sucli regions as tiic axillic whicli arc relatively less acid. Chemical 
c/iango.s <icciirring in sweat after .secretion arc discussed. 
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THE PRESENT POSITION OF GASTROSCOPY IN THE DIAGNOSIS 
OF GASTRIC DISEASE"- 

111 Mosi.-.s Pvff.so.v, ]J.S.. F,.\.{'.P. 
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(Trom (lie (lURlro-mlcRtmul Xulritmiml Clime and Lahor.ilorics of Ihc Dcp.irlmeiit 

of Meilicuie) 

Mv teaching aiul consultation e.xperienecs indicate that inaii.i 
clinicians arc .still unaware of the position of gastroscopy in the diag- 
nosis of gastric fliscase despite an increasing literature on the subject. 
'I’his may be due in part to the rccentness of the revival of gastroscopy 
and in part to the fact that many of the publications are written for 
.specialists in the field. 'Phis article is written to point out simply and 
clearly when gastro.scopy might he employed and when not, and iihat 
might he e.vpcctcd from it. 

Ga.stroscojjy is the direct visualization of the surface of the stomach 
by means of an illuminated instrument. It is almost the oldest of 
endoscopic methods, but the most recent to tend toward perfection 
through the development in 1922 by Georg Wolf and Rudolf Schindler® 
of a flo.xible gastroscopc. Gastroscojn- licgan in ISbS when Knssmaid 
first attempted it by means of a straight tube; IMikulicz in 1881, 
Rosenheim in 1895, and Eisner in 1911 were pioneers. All attempts 
were unsatisfactory due to technical difficulties: these consisted chiefly 
in the inability to construct a satisfactory optical s.vstein; in accidents, 
particularly to the esophagus; and in diagnostic limitations, in that 
only a small portion of the large surface of the stomach was visible. 

The flexible gastroscopc came into being when it was learned that 
one could see through a curved tube if lenses of a very short focal 
distance were used. The instrument is 77 cm. long and 11 mm. m 
diameter, no larger in diameter than the large Ewald tube. Its advan- 
tage lies in the fact that when it is full.v inserted tliere is an angle oi 
deviation of 90° and an angle of vision of 85° so that one can see 
almost at right angles. The danger of perforation of the esophagus 
has been almost ob 3 -iated because when fully inserted, the flexible 

* Tb.mks arc due Dr. Rudolf Schindler, of Chicago and Dr. Harold E. Wright, of 
Baltimore for their critical analyses of this paper. 
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portion is at least 3 cm. above the cardia where damage is most likely 
to occur. An instrument with an angle of vision of 45° is also made. 
Here the magnification is greater. 

The survival rate of new clinical procedures is low. Survival depends 
on 4 considerations: (1) safety, (2) ease of accomplishment, (3) free- 
dom from gross discomfort, and (4) production of results of value. 
As will be seen, gastroscopj'^ has met all of these requirements. 

1. Safety. Sixty gastroscopists performing 22,351 examinations in 
the United States, England and Australia reported to Schindler® who 
inquired as to the safety of the procedure that there had been only 
one death. This followed perforation of the hypopharynx in a patient 
who had been bronchoscoped a week previously; this represents a mor- 
tality rate of 0.004%, There were also 8 perforations of the stomach 
and 1 perforation of the jejunum in a resected stomach, all with 
recovery. To this may be added 2 gastric perforations with recoA’ery, 
1 in too gastroscopies by Segal“ and the other in more than 500 
examinations by Schiff.'^ These figures speak decisively for the relative 
safety of gastroscopy, 

2. Ease of Accomplishment The routine varies and in many places 
it is still unnecessarily elaborate. In my own hands simplicity has 
been the keynote. If there is no gastric residue, the patient may take 
food until 8 o’clock of the night preceding the morning of examination, 
lYhen there is gastric residue, adequate aspiration and if necessary 
lavage must take place the night before. The only conditions in which 
gastroscopy should not be attempted are those involving the inability 
to pass the largest Ewald tube (11 mm.) easily into the stomach, 
aneurysms of the aorta and lesions of the esophagus: stricture, cardio- 
spasm, cancer, varices. These, save for varices, can be determined by 
fluoroscopy alone and esophageal varices are almost never present 
except in the face of obvious hepatic disease. Therefore preliminary 
esophagoscopy is unnecessary. When dyspnea, cardiac decompensa- 
tion, asthma, angina pectoris, esophageal diverticuli, kyphosis or 
scoliosis are present, the examiner must weigh their contraindications 
against the need of gastroscopy. 

About 45 minutes prior to instrumentation the patient is given 
■< gr. of morphine and ijU gr. of atropine. One-half hour after morphine 
and atropine, his tongue, buccal mucosa, gums, lips and pharynx are 
painted with 2% pontocaine hydrochloride by means of a curved 
camel-hair brush. Aspiration of the stomach contents is then per- 
formed, the large Ewald tube being used. The patient is then placed 
on an ordinary table on his left side with his left arm flexed under the 
left lateral aspect of the thorax. The knees are also flexed. Finally 
the instrument is inserted. Some examiners have a nurse or a technician 
hold the patient's head; this is not essential. As in cystoscopy, so in 
gastroscopy, the organ to be examined must be distended. In cystos- 
oopy, the medium employed is water; in gastroscopy, the walls are 
separated by inflation with air. In short, the preliminary proceedings 
and actual technique are simple. The problem is not in the insertion 
of the gastroseope; it is in orientation and in interpretation which 
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mniiro training and experience. Sdiindler’s excellent monograph will 
he liclpfni in this connection.* 

d. I'rrrdnut hrtm (>nm Dtsroniforl. The examination is a matter of 
a few niinntes, TJie use of the operating room is totally nnnecessarv. 
J he ainhnlatory patient leaves a few minutes after the procedure 
without fliflicnlty. fie may have a .sore throat which may appear after 
(he anesthetic influence of pontocainc hydrochloride is no longer 
present, and it may persist for 12 to 24 hours. He is permitted to eat 
when anesthesia is no longer present, ahont 2 hours after its application, 
so that foofi, hy virtue of the ahscnce of the c.sscntial refle-ves, will not 
fiass into the traeliea or hronehial tree. 

I. Prudurhou of lirxidlx of J nlur. The question now arises as to 
what is to he gained hy gastro.seopy. Since it in no way rivals the 
Hoentgen ray examination, is not expected to take its place, and is a 
complementary procedure, what does it add? 'f’his phase will now he 
discussed in association ivitfj tfic JimiLitions of the procedure and the 
data iirocnred hy roentgenology. 

(Tastroseopy, like all other procedures, has definite limitations, 
.lankel.son and i\Ie('hire,- both e-xcellent gastroscopists, have reminded 
us of these: gastroscopy visualizes only the mucosa; biopsy specimens 
cannot he obtained through the gastroscopc nor has photography 
through if hecn {icrfectcd; small localized lesions may not be steadily 
seen due to changes in ficristalsis and respiratory movements; lesions 
occurring with relative frequency and often malignant at the lesser 
curvature of the antrum arc not always detectable by the gastroscope; 
there is difficulty at times in visualizing a niche on the lesser curvature 
of the upper third of the stomach; on occasion it may be impossible to 
distinguish between a benign or a malignant idccration and between 
hyperplastic gastritis and cancer. .Sometimes a stoma cannot be seen 
and a marginal ulcer on the jejunal side is missed. The distal portion 
of an hour-glass stomach cannot be inspected. There are a small group 
of patients temperamentally unfit for this procedure. These limitations 
in actual practice arc not as formidable as they would seem, bince 
there is no perfect procedure, limitations are always to be weighed in 
relation to the accruable benefits. In the final analysis it is not what 
cannot be seen but what can be seen with this instrument that makes 
it so important. I'lxperience and repeated e.xaminations reduce some 
of these limitations. Tliose temperamentally unsnited for the pro- 
cedure iisuall\' respond poorly to any other endoscopic or even more 
simple procedures. Tlie use of pentothal sodium intravenous anesthesia 
may solve this problem. 

Rocnigen Rag Examination. Except in imusnal circumstances, this 
should always precede gastroscopy. When is the latter to be instituted 
and what is to be expected of it in the presence of negative, positive, 
or inconclnsii-e Roentgen ray findings? 

1. Ncgaiitc Rocnigen Ray Findings. Gastroscopi* is in order wJien- 
ei-er the Roentgen ray findings are negative and there is a persisting 
suspicion of some abnormality. Wdienever malignancy is a possibility 
because of such symptoms as discomfort with loss of weight or vitality, 
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anorexia, anemia and fever, this procedure is obviously indicated. A 
small number of malignancies and peptic ulcers may thus be detected. 
For instance, LintoW of Guy’s Hospital in London reports that of 
92 chronic gastric ulcers, 8 were encountered by gastroscopy which 
were negative by Roentgen ray, 2 were missed by gastroscopy which 
were seen by Roentgen ray and in all others there was agreement. 

Roentgen ray is sometimes negative in the presence of hemorrliage. 
Undetermined hematemesis or raelena may sometimes be explained by 
gastritis. Roentgen ray is not dependable in the diagnosis of gastritis, 
gastric analysis will not establish it and the gastroscope is the only 
reliable means of detection. In Germany it is stated that gastritis is 
responsible for 10% of all massive hemorrhages. There is some debate 
as to how soon gastroscopy is to be instituted following unexplained 
hematemesis or melena. My own practice is to do it just as soon as 
the initial shock is over. If one waits too long, acute lesions may be 
healed. Therefore, it is sometimes advisable to perform gastroscopy 
prior to roentgenology which is usually done a week or longer after 
hemorrhage. 

Ill-defined complaints and a symptom-complex like that of duodenal 
nicer Avill often be diagnosed as functional in character if the phj'sical 
examination, roentgenology and other studies throw no light on struc- 
tural change to account for them. Several types of gastritides have 
been found among this group since the advent of the flexible gastro- 
scope. At this writing, it is not generally agreed as to the extent to 
which gastritis may account for complaints. Nevertheless it is impor- 
tant to know whether this condition is present or not. Some beliei'e 
that atrophic and superficial gastritis frequentlj^ do not produce the 
digestive symptoms complained of, and here the patient as a ivhole 
nnist be treated rather than the gastritis. Even hypertrophic gastritis 
m some patients may never cause symptoms. These objective findings 
imist be interpreted cautiously and in relation to the entire clinical 
picture.®'® 

Gastroscopy is further indicated in a small group of individuals who 
des])ite the usual assurances of the absence of structural change are 
unwilling to accept this in the presence of persisting symptoms. 
Negative gastroscopic findings enabling additional reassurances often 
puts them at ease. 

2. Posiiivc Rocnigen Ray Findings. Even here, under certain cir- 
cumstances, gastroscopy has its place. Not infrequently gross dif- 
ferentiation of benign lesions from malignant growths is made more 
correctly tlirough the gastroscope than by Roentgen ra\' or at ojiera- 
tion or from the gross resected tissue seen in the laboratory. For 
mstance, Clerf and \Mrt79 of the Jefferson Hospital in Philadelphia 
>n a series of 34 patients with gastric cancer and gastric ulcer selected 
oecause the gastroscopic e.xamination was e.ssential in making a diag- 
noHs, found that the Roentgen ray diagnosis in one j)atient was lienign 
ler mah,^nanc\ was suspected and in the third no lesion 
Was demonstrated by Roentgen ray; in each a diagnosis of carcinoma 
was made gastroscopically and verified histologically. The reason is 
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that througli the ^astroscope actual living tissue with undisturbed 
Wood supply IS seen. 'J'he appearance is different when the circulation 
IS destroyed.'® I have heard urologists say that this situation is also 
pue in cy.stoscopy, that the lesion and its gro.ss differentiation is often 
better .seen through the cystoscojie than with the specimen in one’s 
hand. '■I’he.se oiiservations arc not to be taken to mean that the final 
deei.sion as between benign and malignant lesions is to he determined 
by its gastroscojiie appearance. 'J’he appearances upon repeated 
examinations and the response to therapy may be the guiding factors. 
Obviously, the inicroscojiic exaininalion of the tissue offers the final 
word. 

By Roentgen rays it is frequently difficult to differentiate spasm 
and edema associated with the lesion from the lesion itself; with the 
ga.stroscope the distinction may often be made more nicely. By gastros- 
copy one may be able to determine more clearly the question of 
operability; the decision may depend not only upon the site but also 
upon the extent of the involvement. 

Even where duodenal ulcer is established by Roentgen ray but the 
clinical picture is atypical, gastroscopy is indicated because of the 
possibility of an associated gastritis. This manifestation is absent in 
a majority of such ca.scs, but its presence should be known. 

.‘1. hiroiichmrc, Incomplete and Inconsistent Roentgen Rag Findings. 
Roentgen ray findings may not be conclusive in themselves or may be 
inconsistent in relation to the clinical picture. Gastroscopy is definitely 
indicated under these circumstances. For instance, when the Roentgen 
rays indicate an obstruction at the outlet of the stomach, it may be 
difJicult to determine wliether there is a lesion in the pyloric sphincter, 
in the duodenum, or in the gastric side of the sphincter. The location 
of the lesion is extremely important: if it can be localized to the first 
portion of the duodenum, it is almost certain to be benign; if it is in 
the pyloric ring, it ma.^' or may not be benign; if it is in the antrum, 
it is likely to be malignant. A normal p\doric ring, by gastroscopy, 
would be strong e\’idence in favor of a normal pyloric sphincter and 
with a normal antrum, the lesion could more readily be localized to the 
duodenum. At times, the typical clinical picture of uncomplicated 
duodenal ulcer may become modified; tliis ma\’ be due to gastritis 
demonstrable usually only by the gastroscope and the deformed duo- 
denal bulb may be an indication of a pre\dous ulcer. Frequently 
deformity without a persistent niche or crater is reported by Roentgen 
ray along the lesser cur\mture of the stomach. Is it acti\’e or it is scar 
tissue and are the symptoms on tin’s or on another basis? The question 
can frequently be answered if \’isualization by gastroscopy can be made. 

Those patients manifesting bizarre or atypical Roentgen ray filling 
defects and defects suspected of being extragastric should be gptro- 
scoped with a ^’iew toward further clarification. Foreign bodies or 
poh’ps mav sometimes best be detected by gastroscope. 

Treatment of Benign Gastric Ulcer. The gastroscope has its place 
even here, for it is well known that the Roentgen ray indication o! 
healing does not parallel the evidence obtained by the gastroscope. 
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Tiie niclie or crater may disappear in the roentgenogram within 2 to 4 
weeks on medical management. The explanation is that inflammation 
and spasm account for much of the Roentgen ray defect which is often 
quickly corrected. However, epithelialization as noted by gastroscopy 
takes 6 to 8 weeks and sometimes longer. Hence no lesion demonstrable 
by the gastroscope should be considered healed unless this is evident 
by the gastroscope. This requires repeated gastroscopic examinations 
(luring the course of treatment. 

Gmiroscopy u Indicated F reaper aiimly and PostoperativeJy. 1. Pre- 
aperatively. It is necessary to ascertain whether in association with 
lienign ulcer there is widespread gastritis, any additional ulceration or 
erosion not seen by Roentgen ray. While surgical intervention may 
relieve a not too extensive gastritis, it may also result in its exaggeration 
through altered anatomic and physiologic relationships. Hence such 
information is important for adequate evaluation of the problem. The 
differential diagnosis between benign and malignant lesions and the 
presence or absence of a lesion upon which an operation is planned has 
already been referred to. 

2. Postoperatiwiy. Any patient complaining of distress following 
gastric operations should be studied with the gastroscope following 
Roentgen ray examination. Roentgen ray under these conditions may 
sometimes be difficult of interpretation because of variations in the 
contour of the stomach incident to the operation and repair, hloersch 
and Walters^ found by gastroscopy, gastritis in 56 of 100 cases suffering 
from dyspepsia following various types of gastric surgery. No doubt 
a preoperative gastritis existed in some. In a majority with gastro- 
enterostomy, the stoma can be viewed by gastroscopy; ulceration, 
gastritis and jejunitis if present can usually be demonstrated. Follow- 
ing subtotal gastrectomy for cancer or ulcer, recurrence of symptoms is 
an indication for gastroscopy in order to determine the presence of 
ulcer or gastritis or recurrence of malignancy, the earliest evidence of 
which may be detected by gastroscopy. 

In general, gastroscopy is further indicated in all adults particularly 
overdo complaining of ill-defined or mild digestive symptoms involving 
anorexia, loss of weight, nausea, vomiting, low grade fever and anemia. 
An early diagnosis of gastric malignancy may be made by this method. 

Summary. Gastroscopy has become a permanent addition to our 
<iiagnostic armamentarium because of its safety, simplicity, the relative 
absence of gross discomfort and the production of results of value. 

b Gastroscopy is complementary to Roentgen ray in diagnosis. 
-1. IMien the Roentgen rays are negative and yet sus])icion of abnor- 
mality persists, gastroscopy may reveal an occasional malignancy, 
erosions, peptic ulceration or gastritis. These lesions may also account 
for otherwise unexplained hemorrhage and a duodenal ulcer symptom- 
v<iinplex not due to duodenal nicer. 


G. When Roentgen rays are positive, gastroscopy makes possible: 
( ) confirmation; (2) a nicer gross diilerentation lietween benign and 
malignant lesions; (.2) a clearer delineation of the site and e.vtenf of 
oie lesion which helps to determine the question of o])crabirity ; (4) the 
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(liflerentiation pro.ssly of spasm and wlema from the lesion itself; (5) tJie 
oecnsional detection of an associated gastritis which may account for 
atyi)ical symptoms often erroneously ascribed to a Eoentgen ray defect 
in the liuodenal cap actually due to a healed, scarred ulceration. 

(’. When Hocntgen rays arc inconclusive, incomplete, inconstant, 
bizarre f)r atypical, gastroscopy may make possible: (1) a more accurate 
diagnosis of the presence or alxsence of a lesion; (2) the nature of a 
lesion responsible for an obstruction .at the outlet of the stomach; (3) 
the presence of gastritis possibly accounting for a modification in the 
clinical picture of what would seem by Roentgen ray to be .an uncom- 
plicated duodenal ulcer. 

1). In hemorrhage, gastro.scopy may be instituted before acute 
lesions he.al and prior to Roentgen rays. 

2. (jiistroscoj)y is often indicated preo})eratively, even in the presence 
of positive Roentgen rays because it is desirable to know whether there 
is an associated gastritis or any additional ulcerations, erosions or 
masses not shown by the Roentgen rays. 

.3. Rostoperatively: In gastro-enterostomy or in subtotal gastrec- 
tomy the return of any digestive comjilaints is an indication for gas- 
troscopy. Ulceration, gastritis and jejunitis are usually readily detect- 
able and the recurrence of a malignant lesion in the stomach may be 
first detected by gastroscopy. Here gastroscopy is particularly impor- 
tant because changes in the contour of the stomach incident to opera- 
tion make roentgenologic interpretations difficult. 

-i. Gastroscopy is essential in determining the progression and healing 
of gastric ulceration. 

~). Une.xplaincd anorexia, loss of weight, nausea and vomiting, low 
grade fever and anemia arc indications for gastroscopy. The earlier 
diagnosis of cancer may thus be made possible. 
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MALIGNANT TUMORS IN PERSONS WITH CIRRHOSIS 
OF THE LIVER 


By Sigismund Peller, ALD. 

RE.SF.AECK associate, DEPARTMENT OF AN.VTOMV. OUADOATE SCHOOT. 
NEW YORK UNn'ERSlTY, NEW YORK. N. Y. 


R4TS fed on a diet containing carcinogenic azo-compounds, especially 
butter vellow, develop cirrhosis of the lii'er and ''"f . 

the diet is enriched with a certain amount of bread, fresh Iner, jea , 
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or riboflavin and casein.®-'*-^ These results revived the question whether 
and liow dietary measures can be utilized in pre\'ention of human 
cancer.® A statistical analysis of the relationship between malignant 
tumors and cirrliosis in man seems, therefore, pertinent. 

The postmortem records of the Bellevue Hospital, New York City, 
were studied for the period from March 1934 to February 1941. All 
cases over 20 years of age excluding tliose only partially examined 
were surveyed. There were 6596 cases; of them 4808 males and 1788 
females. 

Cirrhosis of the Liver. Cirrhosis was found 608 times (9.2%) in this 
series of autopsies. Of the cirrhotics, 37 men and 24 women liad died 
in the age group 20-39 years, 221 and 84, respectively, in the age of 
40-59 years, and 184 men and 57 women had died in the age group of 
60 and more years. According to Table 1, the youngest age group, of 
the men examined postmortem 5%, and of tlie women 5.4% had 
cirrhosis; the corresponding figures in the middle age group were 9.8% 
and 11 .6%, and in the highest age group 10.3% and 9.2%, respectively. 

Tiiesc figures refer to cirrhosis, regardless of whether or not this was 
the cause of death. In statistics of causes of death, cirrhosis appears 
in but y or I of our percentage. ‘ 

hYr several reasons neither of both sources correctly jjictures the 
frequency of cirrhosis in the population. In this series, 178 cases— 
20.5% of male, and 28.5% of female cirrhotics— were classified as 
early cirrhosis. Such cases remain undetected without autopsy, and 
may be in the general population more frequent than in our series. 
Furthermore, of the fully developed cases of cirrhosis a considerable 
]iortion die of other diseases, and thus enter the statistics of causes of 
death under various headings. In studying the relationship between 
cirrhosis and malignant tumors this has to be taken into account. On 
the other hand, even in a general hospital the necropsy material is a 
selection of cases, and thus cirrhosis may appear more frequently than 
is truly representative, and the proportions to other diseases ma^' 
become distorted. One has to bear this in mind in order to omit 
imi)ro])er conclusions. 

In 473 cases a diagnosis of Laennec cirrhosis was made, 45 cases 
were designated as biliary cirrhosis, 10 as syphilitic, and 5 as fatty 
cirrhosis; in 75 cases no detailed classification was given. 

MaUpiant Tumors of the Biliary System and of the Pancreas. As 
anticipated, malignant tumors of the liver appear in the cirrhotics 
much more frequently than in the remainder of the entire scries of 
0590 cases. Likewise, malignant tumors of the extrahcqiatic bile pas- 
sages and of the pancreas occurred more frequently among cirrliotics. 

Of 4305 males without cirrhosis, 17 (0.39 =i= 0.08%) had a primary 
intrahepatic tumor,* while among 443 males with cirrhosis 18 
(4.0(5*0.93%) such cases were found. Male cirrhotics exceed the 
noiM'irrhotics by 3.C7 hepatic tumors per 100, with a critical ratio 


* Of (Ih'sc tumors ono was an .nncioKircotna (in a -IT-vcar-old necro), the remainder 
"etc e.arcinomas. 
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of *1, which is Iii.^i)!y significant.* Adjusting the age distribution of 
cirr/iotics to that of non-cirrhotu-s, one finds the crude rate of 4.06% 
to ciinngo to .).5)4*l).fM%f-. In women, the difference in intrahepatic 
tnahgnant tunior.s is sinuiler; the corresponding values for 1623 non- 
cirrhotic.s being .5=()..31 ±0.13%, and for 165 cirrhotics 2=1.21% 
(crude), and l.()S*(i.,S! % (age afljn.stcd), respectively. 

Out of the 20 cases of cirrhosis associated with intrahepatic carci- 
noma, ! ,") were classified as f,aennec type, 3 as biliary, and 2 as cirrhosis 
without further specification. Of the 20 cases, only I (a female) was 
designated as early cirrhosis. 


t ^tn.i; I. .At u.ii.N\NT TcM(m< of thf. I.ixf.r ^Nr) of Isth^hf-patic Bilf. Ducts 




Ae** flt dentil, >r5. 



20 20 

•10 .VJ 

f.0- 

Total 

Men wilhiiut rirrho-i<. of In or: 

.\ll rases 

702 

20, '12 

laai* 

4365 

Tumor r.'is(>s; Xo. 

♦1 

7 

s 

17 

% 

‘JS 

at 

49 

39 

Men with cirrhosis nf liver: 

All rosc.s 

.57 

221 

ISot 

443 

Tumor ea.sp.s: No. 

1 

n 

s 

18 

'/r 

2 7 

4 1 

4 3 

4 1 

Women without eirrh(i«i.s of liver: 

•Ml ea.sos 

•llfl 

ID 2 

sr> 2 t 

1623 

Tumor rase.s: No. 


a 

2 

5 

7r 


47 

..36 

31 

Wnmeii with eirrlio«i« of liver: 

.Ml eases 

24 

S-l 

57 

165 

Tumor eases: Xo. 


1 

1 

2 

% 


1 2 

1 75 

1 2 


* Aiiimic llicm 2!) rasps of uiikiiown .acp. 
t AnioiiR (lion) -1 rasos of mikiiown .ape. 

J .Anionp them 1 rase of unknown ape. 


In the non-cirrhotic group, malignant tumors of the e.xtrabepatie 
))ile passages and pancreas were encountered 63 times, e. g., in 
0.89*0.10% of males, and in 1.4S±0..30% of females; in the cirrhotic 
group— with IS such cases— the corresponding age adjusted values 
are 2.66*0.77% and 2.76*1.28%, respectively. In males the dif- 
ference is considerable and 2.3 times the critical ratio, e. g., statistically 
significant; in females the difference is smaller and insignificant. 

Of the IS cases of cirrhosis of the liver associated with a prin)ar.v 
malignant tumor in the e.xtrahepatic biliary organs or pancreas, 4 were 
classified as of the Laennec type (of them one early), and 14 as biliary 
cirrhosis (of them 6 early). In this group of tumors the portion of 
early cirrliosis. is much higher than in persons with an intrahepatic 
malignant tumor. 

Malignant Tumors of All Other Organs. Although there is a dis- 
crepancy between clinical observations and e.xperiinental results, 
cirrhosis has been persistently linked with chronic alcoholism. 


* Critical ratio is the difference between two r-alues divided by their 
of the difference. A ratio of 2 and more is significant. A critical ratio of 4 maic 
a probability of chance resnit as 1 in 16.000. 

t Crude, c. g., the actual percentage; age-adjusted percentage, c. ?■> i'’®. 
would bo in a group of cirrhotics of the age distribution of the non-cirrhotics. 
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In male alcoholics, malignant tumors of the mouth, pharynx, larynx, 
and esophagus arc more frequent than in the general population/’’" 
It is, therefore, of interest that of 443 male cirrhotics in this series 12 
({. c., 2.71*0.70%) had a malignant tumor in one of these sites while 
the corresponding percentage in 4365 non-cirrhotics was 1.99*0.22% 
(86 cases). The difference is statistically insignificant, indicating that 
for this purpose the material is too small to yield definite results. Of 
the 12 cases 2 had early cirrhosis. 


T.\bi.u 2.— Maliunant Tumors of Extrahepatic Bij.e Pas.saijes and of Pancreas 
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lu i>cr vcRl of "aU cases examined poslmorlcm (sec Table 1). 


In males examined postmortem, no other group of organs shows an 
increased frequency of malignant tumors. Neoplasms of intestines arc 
equally represented in both male groups, while in all other organs 
including stomach malignant tumors are found in 11.25*0.47% of 
men free of cirrhosis, and in only 5.19*1.06% of cirrhotics. 

In females, tumors of the mouth, pharynx, larynx and esophagus 
arc too rare for a statistical analysis. In this series there were altogether 
10 such cases. As to the malignant tumors of other organs (see Table 3, 
Cols. 3-5), their percentages are smaller in those afflicted with cirrhosis, 
the difference being negligible as far as intestines and genital organs 
arc concerned, a little larger with regard to the breast, and considerably 
larger in other organs. This difference is in women as well as in men 
highly significant, being 3.3 and 5.4 times the critical ratio, respectively. 


Tauu: 3.— Mai.ionant Tumors in Various Groups or Organs (per 100) 
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* From tlio duodenum to tlie anus, 
t Indudiuf: hematopoietic system. 
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Tmux -I.-Mai.ionant Tl-moiis ix Ougans OritEn Than Biliahv axd Paxchew 
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poslmortem is eivon in Table 1 
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Ill llic po.stiiiortoni inatcrial the jierrcntaRe di.stribution of malignant 
Innior.s (ioc.s not corrc-sjiond with that in the general population. 
IJeean.'^e of les.s intcre,st in carcinoma of the stoniacli, in necropsies 
tlii.s t.vjie of tninor is Ic.ss frequent, wliile lung tumors for instance are 
more often recorded. However, a carcinoma of the stomach combined 
witii eirrho.si.s is not Ic.ss interesting than one without cirrhosis. The 
same can lie said with regard to leukemia, wliich are included in the 
malignant tumors. There were 36 males and 14 females who had 
leukemia among non-cirrhotics, but no case among cirrhotics. 

Altogetlicr, in persons free of cirrhosis, malignant tumors in organs 
other tlian biliary tract and pancreas arc found with equal frequency 
in males and females (15.66%*). The crude as well as the age adjusted 
values for cirrhotics are much lower; 10.4 and 9.6=i=1.3%, respectively, 
for men, and for women 9.7 and S.6=fc2.0%, respectively. Aot all 
3 age groups jjrcsent the same relationship. As seen from Table 4, 
the difference in the frequency of malignant tumors changes inversely 
with age. For instance, in the 20-39-year old males, the difference 
between cirrhotics and non-cirrhotics is 6.6-2.7=3.9, which is almost 
two-thirds of the value of 6.6%, while in the highest age group tlie 
corresponding figures are 21.6-16.2=5.4, which is only one-quarter of 
the value of 21.6%. 

Ratio of All Malignant Tumors. In the entire series there were 1125 
cases of malignant neoplasm (17%); men having approximately the 
same ratio as women. As seen from Tables 3 and 5, in male cirrhotics 
the percentage of all malignant tumors is the same as in male non- 
cirrhotics, while in women there is a statistically insignificant difference 
in favor of the cirrhotic group. In the two younger age groups, malig- 
nant tumors are more frequently encountered in persons withou 
cirrhosis; in the highest age group the relation is reversed. 

The Race Factor. Of the 6596 cases of this series, 867 f were colored, 
mostly negroes, Chinese and Japanese. On the a\'erage, at the time 

* Without leukemia there were 14.S4%. 
t 559 men and 314 women. 
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of death, members of the colored races were 9 and 12 years younger, 
respectively, than whites. In colored persons cirrhosis of the li\"er was 
encountered in 9.1% of men, and in 4.8% of women; and malignant 
tumors were found in 12% and 12.1%, respectively. Higher mortality 
from tuberculosis and syphilis and death at jmunger age probablj^ 
account for the lower ratios. 


Table 5.— All Cases of Malignant Tumor 

Age at death, yrs. 
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* In per cent of all examined postmortem (see Table 1). 
t Both cases aio colored, 
t Among them 4 eases of unknown age. 

§ Age-adjusted. 


Tile association of cirrhosis and malignant tumor of the liver in 
colored men is more frequent than in whites. In 505 colored men 
without cirrhosis, intrahepatic malignant tumor was found only once, 
while in 48 ivith cirrhosis the combination was found 5 times. In the 
group of 3860 white non-cirrhotics intrahepatic tumor occurred 10 
times, and in 395 white cirrliotics 13 times. 

Tlie number of colored women (15) having cirrhosis is too small to 
Warrant generalizations. None of them developed a malignant tumor. 

Table 0.— Whites; Malignant Tumors in Various Groups or Org\ns per 100 
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^ Ue.stricting considerations to white.s, one find.s all the rc.snlt.s obtained 
01 the former analy.sis to be valid. In the age group 20 -39 year.s. only 
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those without eirrhosis showed malignant tumors (7.6% of the men. 
and iO,(i% oi the women). In t!ie middle age group, malignant tumors 
were encountered _ in non-cirrlioties in 15.8% (i\I) and 19.3% (F) 
respectively; and in 16.7% (M) and 11% (F) of cirrhotics. Within 
the highest age group, there is practically no difference in the percentage 
of malignant tumors hetween male non-cirrhotics (24%) and cirrhotics 
(2.j.3%), whereas cirrhotic women have a higher percentage of malig- 
nant tinnors (27.7%) than non-cirrhotics (22.5%). The values for all 
ago groups taken together are demonstrated in Table 6. 

Early Cinhosis and Malignant Tumors. In 1125 persons with malig- 
nant tumor, and in 5471 persons free from it, cirrhosis was found in 
8.9% and 0.3% re.spcctively. Of 42 persons with intrahepatic tumor 
47.0% had cirrhosis; of 81 cases with a tumor in the extrahepatic bile 
passages or pancreas 22.2% had cirrhosis; and of the remaining 1002 
tumor eases only 6.2% exhibited this liver condition. 

Of the 100 persons who had both a malignant tumor and cirrhosis, 
34% had cirrhosis in an early stage; for the 508 cirrhotics without a 
malignant tumor the corresponding figure is 28.3%. The difference is 
insignificant. Dividing, however, the formerly mentioned group of 
100 eases according to the ]>rimary site of the tumor we find consider- 
ablc differences as to the jiercentage of early cirrhosis. 

Of the 20 cases of intrahepatic carcinoma combined with cirrhosis, 
only one example was classified as early cirrhosis; and of the 12 cir- 
rhotics with a tumor of the mouth, pharynx, larynx and esophagus, 
only 2 had cirrliosis in an early stage. On the other hand, in cirrhotics 
with a ])rimary tumor in extrahepatic bile passages or pancreas, 7 out 
of IS had early cirrhosis. Here, of course, one may assume that the 
tumor led to the development of cirrhosis, and that the death occurred 
too early. Still larger is the portion of early cirrhosis in those who had 
a carcinoma or sarcoma of the intcstines~7 out of 16— or a primary 
tumor in one of the other organs. In this latter group, out of 34 cir- 
rhotics 17 had an early cirrhosis. The mechanism involved in obstruc- 
tive biliary cirrhosis does not e.xplain the high proportion of early 
cirrhosis in the latter 34 cases. 

As a whole, the group of 178 cases with early cirrhosis has a ratio oi 
malignant tumors a little higher than is that of non-cirrhotics (19.1% 
as compared with 17%) or the ratio of persons with fully dei'eloped 
cirrhosis (15.3%). There are also diflerences in the distribution oi the 
tumors according to the organ. 

Simultaneous Multiple Tumors. Of 1025 cases of malignant neoplasm 
without cirrhosis 29 (2.8%) had at least two primar\- tumors. In 26 oi 
these neither the biliary system nor the pancreas was involved. le 
3 other cases presentecl a combination of primary neoplasms 
and stomach, in pancreas and breast, and in pancreas and kuiney 
Among 100 cases of malignant tumor associated with cirrhosis, nm tip c 
malignant tumors were encountered twice (2%). In one, pancieas an 
the prostate were the sites of carcinoma, in the other tongue ant s -111 

of the nose. 
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Table 7.— Percentage Distribution or the Pbimara' Tumors 
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Discussion. It will be recalled (Table 0) that of 100 noii-cirrhotic 
males 17.8% had a malignant tumor, and of 100 cirrhotic males only 
Hi.6%. This difference is statistically insignificant. There are, how- 
ever, in this table 2 groups of organs with significant differences. 
In one group, sub 1 , cirrhotics have a higher percentage of malignant 
tumors, while in the other, sub 5, cirrhotics have a considerably lower 
percentage of tumors than non-cirrhotics (4,8% as compared with 
11.8%). Since this difference is found in all 3 age groups, it is not 
accounted for by premature death, and has to be explained in another 
way. 

Does the value of 4.8% indicate a real deficit in the incidence of 
these tumors? In other words, do 1000 cirrhotics taken at random from 
the general population and followed until death have an incidence of 
malignant tumors in these “other organs” (Table 6, sub 5) smaller 
than have 1000 non-cirrhotics of the same age, sex and color? The 
answer depends on the frequency with which cirrhosis is responsible 
for the death. 

An example may clarify the issue. Suppose that within a certain 
time, of 1000 cirrhotics SO will die free of a malignant tumor, 10 will 
succumb to a tumor of one of the organs enumerated in Table 6, 
sub 1 to 4, and 10 will die of a tumor of one of the “other organs.” 
bet us furthermore suppose that for 1000 non-cirrhotics the corre- 
.qmnding values are 50, 2, and 10 respectiA-ely. Under these circum- 
stances, the incidence of tumors of an organ listed sub 5 of Taiile 6 is 
equal for both, cirrhotics and non-cirrhotics, namely 10/1000 — 1 %. 
Nevertheless, dealing only with those Avho died, one is likely to overlook 

that equality, since of 100 deaths in the cirrhotic group so + lo + lo ~ 

i0% were flue to malignant tumors of one of the “other organs,” 
Avliile the corrcsjmnding figure for non-cirrhotics is higher, namely 

<■>0 4 - 2 + 10 “ mock example, the incidence of malignant 

tumors of the stomach, the kidney, the lungs, the bladder, prostate, 
breast, thyroid, hematopoietic system, etc., would be just as high in 
Cirrhotics as in non-cirrhoties, although in the total of deaths of cir- 
rhotics these malignant ncojilasms occupy a smaller percentage. 

before drawing conclusions from our actual figures, two values have 
to be estimated. I'inst, one has to know how much the non-cancerous 
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mortality of iion-cirrliotics is exceeded by that of cirrhotics; secondly, 
lioiv liigh this excess would hai’e to be in order to make the percentages 
sub 5 of Table 6 compatible with an undiminished incidence of these 
tumors within the total group of cirrhotics in the general population. 

About the first point no data exist. Cirrhotics may hai’e a surplus 
mortality on account of the cirrhosis, and on account of other non- 
cancerous diseases complicated by cirrhosis. In our postmortem series, 
9.2% had cirrhosis, while in the Metropolitan Life Insurance statistics 
of causes of death* the corresponding figure is but one-seventh of this 
percentage. This indicates for cirrhotics an excess mortality due to 
cirrhosis of approximately 14%. The excess mortality due to the 
aggra\^ation of other diseases cannot be calculated at all; only guessing 
is possible. Furthermore, in the general population the percentage of 
cirrhotics, especially of those with a full.v developed cirrhosis may be 
somewhat smaller than in the postmortem series. These two factors, 
just mentioned, may account for an increase of the above calculated 
figure of 14% to about twice that value, or even a little more. This is 
a rough estimate. 

On the other hand, we are able to calculate that the mortality of 
cirrhotics of all age groups would have to exceed that of non-cirrhotics 
by at least 82% in men, and 62% in women, in order to make the 
diminished ratio of tumors in “other organs” (see Table 6, sub 5) 
compatible with an undiminished incidence of these tumors per 1000 
cirrhotics in the total population. Within the age groups of 20-59 
years the discrepancy would be much larger. Furthermore one should 
bear in mind that the changes in the distribution of malignant tumors 
by site and the diminished ratio of tumors in the “other organs” are 
not limited to the fully dei'eloped cases of cirrhosis. We found them 
also in the group of 178 cases of early cirrhosis (Table 7), where this 
disease hardly is causing any excess mortality. 

Thus we arrive at the conclusion that in cirrhotics the incidence of 
tumors in the stomach, kidney, bladder and prostate, lungs, breast, 
thyroid, hematopoietic tissue, etc., is lower than in non-cirrhotics. It 
is a real deficit, due to the increased frequency of malignant tumors in 
other organs in cirrhotics. This finding is in keeping with our results 
obtained in the analysis of other carcinogenic factors, regardless whether 
they do, or do not, deteriorate general health.®’'* 

Summary and Conclusions. 1. In necropsy records of 6596 persons 
over 20 years of age, cirrhosis of the liver was found in 9%, and malig- 
nant tumors in 17 %. About 30% of cirrhosis were classified as “ early.” 

2. Compared with non-cirrhotics, persons with cirrhosis have a 
ratio of intrahepatic tumors several times increased; the ratio of 
malignant tumors in extrahepatic bile passages and pancreas increased 
to a smaller degree. Furthermore, male cirrhotics showed an increased 
ratio of malignant tumors of the mouth, pharynx, larynx and esophagus. 

3. Cirrhotics have a much lower ratio of malignant tumors of all 
other organs taken together. The degree to which the ratio of tumors 
of all these “other organs” is diminished varies inversely with age. 

4. Though increased general mortality is involved in bringing out 
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findings of paragraph 3, the second reason for the low ratio of malig- 
nant tumors of “all other organs” in cirrhotics is the actually dimin- 
ished incidence of malignant tumors in this large group of organs. 
This is in keeping with our former investigations on the role of chronic 
irritation in human cancer. 

5. Thus if by dietary or other measures cirrhosis of the liver could 
be prevented, the organ distribution of malignant tumors in human 
beings would change, but the total incidence of cancer scarcely would 
be reduced. 

Grateful acknowledgment is made to Dr, W. C. Von Glalin, Director of Pathologj' of 
tlie Bellevue Hospital, for the permission to use the records. 
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A CASE OF TOOTHPICK PERFORATION OF THE INTESTINES 
By W. Orr Goehring, M.D. 

PITTSBDHGH, PA. 

(From Department of Surgery, Passavant Hospital) 

Intestinal perforation by an ingested sliarp foreign body seems to 
occur more commonly than the literature indicates.^ McManus® in 
1941 Avas able to collect but 93 cases to wliich he added 2 of liis own. 
lie divided the perforating foreign bodies into 3 general groups: 
metallic bodies, 45 cases; animal bone, 39 cases; wood splinters, 9 cases. 
Included in the last group were several perforations due to a swallowed 
toothpick. Because of the rarity of perforation by such a commonly 
used object, the report of an additional case seems to be in order. 

Case Report. W. L., a G3-year-oId colored male, entered thi.s hospital 
Gctober 29, 1941, complaining of abdominal pain. He had been in good health 
until 10 days earlier when he noticed periodic cramp-like jiain about his 
uinlulicuR. xhe pain Avas annoying but not disabling until 48 houns before 
auinis.sion Avhen it became constant, more seA'ere, and generalized. He then 
'ccaine nauseated and vomited; the pain and vomiting continued. His boAvels 
liia heeu nonnal. He had had no prcAnous gastric .sjouptoms. Except for 
louav pneumonia in 1930, the past history AA'as essentially negative. Physical 
e.xanniiation revealed a slender male in acute distress, perspiring freely. The 
^eniperature was 100° F.; the pulse regular, SO per minute; respiratory rate, .30, 
> ignihcant findings Avere confined to a moderately distended and extremely 
nuer abdomen. IMaxinnun tenderness la}' betA\-een the umbilicus and the 
I^'^bound pain Avas marked. Peristalsis Avas absent. Roentgen 
Imr J admission shoAved a small dilated loop of ileum in the right 
'I’ll ' but no free air. The leukocyte count Avas 16,300 per c.mm. 

nni? 'yood cell and hemoglobin detenninations, blood chemistrA' value.^, 
nrinaly.Ri.s Avere all AA’ilhin nonnal limits. The Kahn test was negative. 
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On consen'ative therapy, the patient’s condition improved rapidlj' in the 
next 4 days during -which time a grapefruit sized mass fixed to the abdominal 
■wall developed in the lower mid-abdomen. Roentgen examination by barium 
enema shoved a ptosed transverse colon adherent to the anterior abdominal 
wall at the site of the palpable mass. Incision and drainage was performed 
12 da3fs after admission and several ounces of thin purulent material were 
removed. The mass graduall3' decreased in size, while a small amount of 
drainage persisted. Intermittent^, the patient gave e«dence of partial small 
bowel obstruction. The appendix was at this time ■\’isualized b3'^ Roentgen 
examination as distinct from the mass. At operation under spinal anesthesia 
36 da3's after admission, the abdominal wall sinus was found to communicate 
with an inflammator3' mass the size of a heii’s egg one end of which was con- 
nected to the mid-portion of the transverse colon, while the other end was 
connected to a loop of ileum adherent to the anterior abdominal wall just 
above the bladder, resulting in marked angulation of the bowel. This mass 
proved to be a foreign bod3' granuloma contaming a toothpick. Though it 
could not be definitel3’' established, it was felt more likeb' from the findings 
that the toothpick had first penetrated the transverse colon and that the 
ileum had later impaled upon the toothpick. After excision of the mass, repair 
of the bowel walls and implantation of sulfanilamide in the abdominal ca^^t3^, 
the abdominal wall was closed. The patient was discharged 15 da3's post- 
operativel3' as cured. At no time could he recall having swallowed the tooth- 
pick, an interesting observation noted b3' others.--’ 
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STUDIES ON PROTHROMBIN 

n. The Effects of a Single Small Dose of Dicdmakol* 

(3, 3' METHYLENEBIS [4-HTDROXYCOUMARrN]) 

IN uvER Disease 

By Shep.^rd Shapiro, M.D. 
jMilton II. Redlsh, jM.D. 

' AND 

Harold A. Campbell, Pn.D.f 

NEW YORK, N. Y'. 

(From the Department of Medicine, New York University and Third [New Y'ork 
University] Division, Welfare Hospital) 

It lias been observed that the same dose of Dicumarol ( 3 , 3 ' meth.vl- 
enebis (4-h3’drox3-coumarin)) administered to different individuals ma3' 
induce var3’ing degrees of lii'poprothrombinemia.’-’ Studies were 
undertaken to determine what miglit be the factors responsible for 
this variation. 

As far as is known, Dicumarol acts cliiefl.v on the prothrombin level 
(or activit3’).i That the liver pla.vs an essential role in the elaboration 

* Dicumarol is the collective trademark of the Wisconsin Alumni Research Founda- 
tion, which controls the use thereof. 

t Present address: Central Laboratories, General Foods Corporation, Hoboken, N. J. 
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of prothrombin has been established,® It appeared of interest, therefore, 
to investigate the reaction to Dicumarol of patients with Ii^'e^ disease. 
The minimal single dose required to induce prolongation of the 
prothrombin time in 20 normal individuals was found to be 100 mg. 
It was decided to administer single doses of 50 mg, to a group of patients 
with liver disease. Sixteen were cases of Laennec’s cirrhosis of the 
liver, one acute hepatitis, and one Wilson’s disease. 


Table 1. — Effect op Dicumarol on Prothrombin 


Ma\imal iirothrombiu 

Initial prothrombin times after ~>0 mg. 

times Dicumarol 



Whole 

12.5% 


Whole 

12.5% 


Case 

plasma 

plasma 

Initial 

plasma 

plasma 


No. 

(sec.) 

(sec.) 

piolongation 

(sec.) 

(sec.) 

Response 

1 

22.5 

82.0 

Maiked 

24.5 

90.0 

Pos. 

2 

20.0 

78.0 

Mod. 

21.8 

90.0 

Pos, 

3 

27. C 

01.0 

Mod. 

29.0 

76.0 

Pos. 

4 

19.0 

60.0 

Mod. 

21.5 

68.0 

Pos, 

5 

18.2 

02.0 

Mod. 

24.0 

76.0 

Pos. 

0 

17.0 

48.0 

S!. 

17.2 

59.1 

Pos. 

7 

14.0 

52.0 

SI. 

14.2 

59.0 

Pos. 

8 

10. 9 

60.0 

Mod. 

18.4 

76.0 

Pos. 

9 

17.0 

44.5 

Nor. (?) 

16.8 

41.5 

Neg. 

10 

15.0 

42.5 

Nor, (?) 

16,8 

42 5 

Neg. 

II 

17.0 

49.5 

SI. 

18.0 

50 2 

Neg. 

12 

17.0 

58.0 

SI. 

17.1 

59.9 

Neg. 

13 

17.2 

44.2 

Nor. (?) 

10.8 

45 5 

Neg. 

14 

15.4 

46.0 

Not. (?) 

10.5 

48.6 

Neg. 

15 

15.8 

47.7 

SI. 

17.9 

48.2 

Neg. 

IC 

15.1 

00.0 

Mod. 

14.2 

61.1 

Neg. 

17 

15.4 

45.2 

Noi. (?) 

15 5 

45.0 

Neg. 

18 

14.7 

54.0 

SI. 

17.0 

72 0 

Pos. 


Notk: Lung thiomboplastin used in all eases except Cn«p No. 3. 


Not mal Slandards 


Remarks 

Historj of spontaneous 
hemorrhages 

Biain thiomboplastin 
used 

Dieumaiol given iiitra- 
xeiiouslj 


Dicumarol given mtra- 
vcnouslj- 

Dicumarol given intia- 
venouslv 
W ilson’s disease 
Dicumarol given intia- 
venousl.v 
.Acute hepatitis 


nxBBIT LUNO THBOMBOPBXSTIN 


ll'/io?e Plasma 
13.5% Plasma 


.Arithmetic Mean 15 sec. 
Standatd Deviation ±2 
Arithmetic Mean 39.5 sec. 
Standard Deviation ±2.5 


KAHBIT unxi.V TlinOMDOPLXSTIN 


Whole Plasma 
1 2 .5% Plasma 


[ .AiJthmetic Mean 24 see. 

I Standnid Deviation ±2.3 
) .Aiithmetic Mean 41.4 sec. 
\ Standard Deviation ±3.8 


Table 2.— Blood Values Before and Durinu Response to Dicumarol 


Case 

No. 

•) 

3 

5 


Pioexisting values 


Plasma, Serum pi olein-., 
piothrombin time giu. pel 100 ml. 


Date 

Whole 

(see.) 

12.5% 

(see.) 

Total 

Albu- 

min 

5/16 

20.0 

78 

0.81 

4.52 

5/10 

27.6 

01 

0.07 

4.08 

5/10 

18.2 

02 

0.14 

3.04 


Values during response to Dicumarol 

I’liisnui, Serum proteins, 
)>iothiomhiii time gm.^crlOOml. 

AVhole 12 5% Albii- 


Date 

(hCC.) 

(see.) 

Total 

inni 

5'19 

21 S 

90 

0 95 

.’)G 

5/19 

29 0 

70 

5 98 


5/19 

24 0 

70 

0 80 

3 27 


jProcedure. The method used for prothrombin estimation has been de.'^cribed 
by us.'* In this procedure, the prothrombin time of both whole and diluted 
(12.5%) plasma are estimated in duplicate. 

vSeveral prothrombin estimations were made in each ca.so before the Dicuma- 
I'ol was administered, to establisli the resting value for the iirotlirombin time 
of each subject. Fifty mg. of Dicumarol Avere then given either intravenou.sly 
(4 cases) or orally. Blood samples were taken after 6, 12, 24 and 48 houi>. 
hi 7 c.nses additional specimens were obtained after IS hout.^:, and in 4 of tlic.'i* 
after 72 hours. The maximum iirothrombin time,^; obtained are reeordetl in 
Table 1, 
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The total serum proteins and albumin-globulin ratio, were determined in 
Cases 2, 3 and 5 before and during the interval when the prothrombin time was 
prolonged after Dicumarol (Table 2). 

Discussion of Results. The mechanism whereby Dicumarol influences 
prothrombin is still obscure. In view of the importance of the liver in 
the elaboration of prothrombin, increased reactivity to Dicumarol in 
cases with hepatic functional derangement is significant. 

Onlj"^ 4 of the cases with liver disease showed prolongation of the 
whole plasma prothrombin time, while 7 showed a marked or moderate* 
prolongation of the diluted (12.5%) plasma prothrombin times and 
6 cases showed a slight prolongation of the diluted plasma prothrombin 
time. 

The prolongation of the preexisting plasma prothrombin time is 
tentatively considered as a measure of the insufficienc^’ of the pro- 
thrombin elaborating function of the cirrhotic liver. Conseqnently, 
the 5 cases showing normal prothrombin times will be considered as 
having normal liver function in respect to prothrombin elaboration 
and reactivity to Dicumarol. 

All of the cases of cirrhosis of the liver and the single case of acute 
hepatitis, which showed an initial marked or moderate prolongation in 
the diluted plasma prothrombin time showed a definite response to 
50 mg. of Dicumarol. Of the 6 cases which showed a slight prolongation 
of the diluted plasma prothrombin time, 3 responded to 50 mg. of 
Dicumarol. Cases with normal prothrombin time did not respond to 
this small amount of Dicumarol, nor did the 1 case of Wilson’s disease, 
although the initial diluted plasma prothrombin time was moderatelj' 
prolonged. It appears unprofitable therefore, to pursue the investiga- 
tion further as a measure of the functional capacity of chronic cases 
of Laennec’s cirrhosis of the liver. 

As noted above, we have found that the prothrombin times of normal 
individuals does not increase after tlie administration of a single dose 
of 50 mg. of Dicumarol. Consequently, this investigation indicates 
that in Laennec’s cirrhosis the subject responds to smaller quantities 
of Dicumarol than does the normal individual only when the dis- 
turbance in the liver causes prolongation of the prothrombin time. 

The cases of liver disease responding to 50 rag. of Dicumarol showed 
the first detectable prolongation of tlie prothrombin time in the period 
of 12 to 24 liours after administration of Dicumarol. The latent period 
is of the same duration as that experienced when normal individuals 
are given an effective dose of Dicumarol. The character and duration 
of the response obtained by feeding 50 mg. of Dicumarol to cirrliotics 
is similar to that observed in normals after larger doses. The response 
usually involves a latent period followed by periods of depletion, 
plateau, and finally, restoration to the initial prothrombin time. 

* Marked prolongation = Diluted plasma prothrombin time approximately twice 
normal. • 

Moderate prolongation = Diluted plasma prothrombin time between approxi- 
mately li and twice normal. 

Slight prolongation = Diluted plasma prothrombin time less than 1^ times normal. 
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The total serum proteins and the A/G ratio were not measurably 
altered during the interval when the hypoprothrombinemic effect of 
Dicumarol was manifest. 

The data presented here are significant in the therapeutic applica- 
tion of Dicumarol. It is fundamental that the prothrombin time be 
determined before the dosage of the anticoagulant is outlined. It 
appears also that the greater sensitivity of the method used here for 
the estimation of prothrombin time, makes it preferable to those in 
which only whole plasma is examined. 



Chaht 1. — Prolongation of diluted (12.5%) plasma prothrombin time after 50 mg. 
Dicumarol. The whole plasma prothrombin time is unaltered. Note overcompensa- 
tion after prolongation. 


Summary. Fifty mg. of Dicumarol (3, 3' methylenebis (4-hydroxy- 
coumarin)), one-half the minimal dose found to induce a detectable 
prolongation of the prothrombin time in normal individuals, Avas 
administered to 18 patients with liver disease and with hypoprothrom- 
binemia of varying intensities. All of the cases of Laennec’s cirrhosis 
with marked or moderate preexisting prolongation of the diluted 
plasma prothrombin time showmd a definite response to the smaller 
dose of Dicumarol. Of 6 cases wdth slightly prolonged diluted plasma 
prothrombin time, 3 showed further increase, while no case wdth 
initial normal prothrombin time responded to the 50 mg. dose of 
Dicumarol. In those in which prolongation did occur the time of the 
first detectable change was the same as in normal individuals. 

0 wish to thank Dr. Arthur J. Patek, Jr., for making available to us for study 
fcycral ca.^os on the First Medical Division, Welfare Hospital. The protein deter- 
minations were done by Miss Yetta Porosowska. Miss Frances Kaufman gave technical 
nssistanco. The Dicumarol was supplied by Dr. K. K. Chen of Eli Lilly & Co. This 
vork was aided in part by a grant from the Arlington Chemical Company, Yonkers, 
A. Y. 
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PRODUCTION OF CYSTS FOLLOWING INTRAMUSCULAR 
INJECTION OF VEGETABLE OILS 

Bv Robert C. Page, M.D. 

axd 

Edwin J. de Beer, Ph.D. 

TUCKAHOE. N. Y. 

(From the Burroughs ellcome & Co., U. S* A., Experimental Research Laboratories) 

It has long been known that the intramuscular injection of oils may 
result in the formation of cysts or tumors.^”'’® Sevringhaus® has pointed 
out that the use of an oily medium for the intramuscular injection of 
endocrine preparations and certain drugs is not unattended by danger. 
However, in spite of tlie fact that this method of administration is 
widely used, the literature cites relatively few instances of untoward 
effects. 



Fig. 1.— Photogr.Tpli sho-n-ing pysts ns removed by disseetion from rats folIoM-ing 
intramuspular injoetion of vegetable oils. From left to right the cysts are; unilocular 
p.vst from sesame oil; raultilocular cyst from corn oil; thin-xvallpd unilocular cyst follow- 
ing olive oil; multilocular cyst with large amount of connective tissue following peanut 
oil; many small cysts in mass of tissue following injection of sesame oil and ether. 


The present study was undertaken in order to determine which of 
a group of 5 common vegetable oils was most innocuous. The effects 
of reducing the viscosity of the oil by a mixture with ether was also 
studied.'” The 5 oils selected were corn oil, U.S.P., cottonseed oil, 
U.S.P., olive oil, U.S.P., sesame oil, U.S.P., and 2 samples of high grade 
peanut oil. A series of oil-ether solutions was also prepared by mixing 
6 parts of the oil with 4 parts of diethyl ether, U.S.P. 
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Methods. All of the solutions to be injected Avere sealed in ampules and 
autoclaved at 15 lbs. pressure for 20 minutes. The oils were injected into the 
muscles of the right thigh of adult albino rate. The corresponding oil-ether 
solution was injected into the left thigh. All doses were 0.5 cc. Five animals 
were used for each kind of oil, except that only 2 were used Avith peanut oil (B). 
Altogether a total of 27 rate were used, each receiving 2 injections. One 
animal of each group Avas killed and autopsied at the folloAAung time intervals 
after injection: 4, 11, 18, 25, 32, and 40 daj'^s. 

Table 1.— Appearance of Cysts at Various Intervals After Injection 
OF Five Oils AVith and AA^iThout Ether 


Day.s elapsed 


after 

Corn oil 

injection 

11 

Several multiloc. (4 mm.)* 

18 

One large (4 mm.), many sm. (1 mm.) 

25 

Multiple (1-5 mm.) 


32 

Few sm. cysts (1 mm.); thick walls; 
mod. amt. chr. inflam, reaction 

40 

One large (5 mm.); sev. sm. cysts 
(1 mm.) 

Cottonseed oil 

11 

None; oil in muscle 

18 

None; oil in muscle 

25 

Many (1-4 mm.) 

32 

One large (6 mm.) ; sev. small (1 mm.) ; 
eos. in intercystic tissue 

40 

One (4 mm.) ; sev. (1 mm.) 

Olivo oil 

11 

Sev. multiloc. (1 mm.) 

18 

Many thin-walled (2-4 mm.) 

25 

Mult. sm. (1-2 mm.) 

32 

Mult. (1-1.5 mm.) 

40 

One ovoid (2x2x3 mm) ; thick walls 

Sesame oil 

11 

Sev. multiloc. (2-4 mm.) 

18 

Mult. (2-4 mm.) 

25 

Several large (2-4 mm.) 

32 

One large (6 mm.); few sm. (1 mm.) 

40 

Several (3 mm.) * 

Peanut oil (A)t 

11 

Sev. multiloc. (2-4 mm.) 

IS 

Many thin-walled (2-4 mm.) 

25 

Sev. sm. thin-walled 

32 

Mult. sm. thin-walled (1-1.5 mm.) 

40 

One (1 mm.) 

Peanut oil (B)t 

7 

Three (1.5-3 mm.) 

21 

Two large (4-5 mm.) ; sev. adjacent 
(1 mm.); fatty tissue adjacent 


Corn oil and ether 

Many multiloc., thin walls (1-2 mm.) 
Few sm. (1 mm.) 

Sev. (1-2 mm.); soft fat-like tissue 
around injection site; inflam, fat 
with necrosis and perivascular de- 
position of calcium 

Sev. (2-4 mm.); thick walls; marked 
chr. inflam, reaction 
Three thin-walled (1 mm.) 

Cottonseed oil and ether 
None; oil in muscle 
Sm. multiple (1 mm.) 

Many (1 mm.) 

Several large (2-3 mm.); many sm. 
(1 mm.); marked chr. inflam, reac- 
tion 

Many sm. adj. (1 mm.) 

Olive oil and ether 
Sev. (2-4 mm.) 

Few thin-walled (1-3 mm.) 

Few (1 mm.) 

Few sm. (1 mm.); widely separated; 

thin walls 
Many (1 mm.) 

Sesame oil and ether 
None; oil in muscle 
Many thin-walled (1-3 mm.) 

Many sm. (1-2 mm.) 

Manj’- sm. (1 mm.); marked chr. in- 
flam. reaction 
No oil found 

Peannt oil (Al and ether 
None; oil in muscle 
Few thin-walled (1-3 mm.) 

Sev. (2-4 mm.) 

None 

Four (1-2 mm.) 

Peanut oil (B) and ether 
One large intramusc. septa 
Sev. sm., multiloc. (1 mm.) 


* Dimensions expressed in mm. (millimeter) refer to the average approximate diameter 
01 the cysts. 

t Two different samples of peanut oil were used. 


Translucent cysts filled Avith oil Avere generally formed by 
!ul 0 oils and by all of the oil-ether solutions (Table 1). In number 
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and size they ranged from many small, thin-walled cysts to 1 or 2 cysts 
as large as 6 mm. in diameter (Fig. 1). In only 7 out of 54 possibilities 
were no cysts found. In the 7 scattered instances in which oil but no 
cysts were found, the cysts may haA’e been broken during dissection 
since they were generallj^ thin-walled and quite fragile. These experi- 
ments indicate that there is little choice among these oils; all appear 
to produce similar cysts with equal frequency in rats. 

As the experiment progressed no increases or decreases in the size, 
number or appearance of the cysts were observed. 

Discussion. The oil-ether solutions produced less intercystic tissue, 
smaller cysts and in general the cyst walls were thinner. The oil-ether 
solutions also possessed the practical advantage of being much easier 
to inject. This was probably due to their lower viscositj'. Since the 
total volume of oil and of the oil-ether solution injected was the same 
in each case (0.5 cc.) the actual amount of oil given in the oil-ether 
mixture was less. It seems doubtful that this fact would have any 
bearing on the results. 

Summary. Cysts generally resulted from the intramuscular injec- 
tion of the following vegetable oils; corn oil, cottonseed oil, olive oil, 
sesame oil and peanut oil and of oil-ether solutions in rats. 

No indications were found that cysts became progressiA^ely smaller 
or larger, or changed in number or appearance with time. 

No one oil appeared to be outstandingly better or worse than another 
oil in so far as cyst production was concerned. 

The addition of ether to oil made injections easier and possiblj’’ 
decreased damage to the tissue. 

REFERENCES 

1. Burroughs, M. T., and Johxston. C. G.; Arch. Int. Med., 36, 293, 1925. 

2. Emerv, F. E., Matthews, C. S., and Schwabe, E. L.; Endocrinologj', 29. 102S, 
1941. 

3. JoKSTAD, L. H.: J. Cancer Res., 9. 232, 1925. 

4. JoKSTAD, L. H.: J. Cancer Res., 10, 229, 1926. 

5. JoRST.AD, L. H., and Johnston, C. G.: Proc. Soc. E.\p. Biol, and Med., 24, S6, 
1926. 

6. JoRSTAD, L. H., and Glenn, F. H.; J. Am. Med. Assn., 90, 26, 192S. 

7. Mook, W. H., and Wander, W. G.: Arch. Dermal, and Syph., 1, 304, 1920. 

8. Sevringhaus, E. L.: Endoorinologj-, 30, 912, 1942. 

9. Turner, J. C., and Mulliken, B.: Proc. Soc. Exp. Biol, and Med., 48, 59S, 1941. 

10. VOLLMER, H.: J. Pediat., 16, 419, 1940. 


GALLOP EHYTHM— INCIDENCE AND THE INFLUENCE OF AGE, 

RACE AND SEX 

By Curtis F. Garvin, jNI.D. 

CLEVELAND, OHIO 

(From the Department of Medicine of Cleveland City Hospital and the Western Resen'o 
University School of Medicine) 

G.4LLOP rhythm is a disorder of the heart beat characterized 
the occurrence of 3 heart sounds during each cardiac cycle. Systolic 
gallop, in Avhich the third sound occurs in systole, is rare and apparently 
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not of much clinical importance. Diastolic gallop rhythm, although 
not defined exactly the same way by all cardiologists, is considered 
uniformly to be of great clinical significance. It is with this type of 
gallop rhythm that this paper deals. 

This study of gallop rhythm is based upon the clinical and pathologic 
records of 790 consecutive, adult patients who died of heart disease. 
These cases occurred in 6548 consecutive postmortem examinations 
done at Cleveland City Hospital in the decade from January, 1930, 
to December, 1939, inclusive. Gallop rhythm was present in 199 
patients. The diagnosis of gallop rhythm was made clinically and was 
corroborated by phonocardiography only exceptionally. 

The majority of .the gallops seemed to be of the variety considered 
to be due to auricular contraction. In only 2 of the 199 patients with 
gallop rhythm was auricular fibrillation present. In these 2 cases the 
gallop presumably was due to a third heart sound, and no doubt in 
a few more instances this was the etiologj'' of the gallop, although such 
cases appeared to be in the minority. 

Discussion. The Incidence of Gallop Rhythm in Various Types of 
Heart Disease. Wolferth and Margolies^ wrote that there were no 
quantitative data available as to the clinical incidence of gallop 
rhythm. They declared that there was no doubt that myocardial 
damage, both acute and chronic, predisposed to the development of 
gallop sounds. They considered that gallop occurred particularly in 
active rheumatic carditis, coronary occlusion, hypertensive cardio- 
vascular disease, hyperthyroidism and anemia, and that it was very 
uncommon in patients with mitral stenosis. 

The incidence of gallop rhythm in the various types of heart disease 
is shown in Table 1. It is seen that gallop rhythm occurs most fre- 
quently in hypertensive heart disease and coronary artery disease; 
1 out of every 3 patients had this tjqie of rhythm. Cor pulmonale was 
associated with gallop rhythm in about 1 case in 5. Only 1 of 10 patients 
who died of rheumatic heart disease or syphilitic heart disease had 
gallop rhythm. 


Table 1.— The Frequency Distribution of Gallop Rhythm in the Various 

Types op Heart Disease 


Type of heart disease 
Hypertensive heart disease 
Coronary heart disease 
Rlieumatic heart disease 
Syphilitic heart disease . 

Cor pulmonale .... 
Subacute bacterial endocarditis 
Acute bacterial endocarditis 
ThjToid heart disease . 

Calcific aortic stenosis 
Obliterative pericarditis 
Tuberculous pericarditis 
Miscellaneous .... 
Undiagnosed 


No. of 

No. with 


cases 

gallop rhythm 

% 

264 

93 

35.2 

177 

55 

31.1 

119 

12 

10.1 

67 

7 

10 4 

54 

10 

18.5 

31 

2 

6.4 

13 

1 

7.7 

9 

1 

11.1 

9 

3 

33 3 

7 

0 

0.0 

7 

4 

57.1 

14 

3 

21.4 

19 

8 

42.1 

790 

199 

25.2 
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In relation to rheumatic heart disease, it is generally thought that 
gallop rhj-thm may readily occur in patients ivith active rheumatic 
carditis but that it is extremely rare in patients with well-developed 
mitral stenosis.- This idea is supported by this study. Of the 119 
patients dying of rheumatic heart disease, 12 showed a gallop rhythm. 
Five of these 12 patients had acute rheumatic pancarditis. The remain- 
ing 7 showed various degrees and combinations of chronic rheumatic 
endocarditis, but in only 2 was there stenosis of the mitral \-ah-e (the 
entire series included 82 instances of mitral stenosis). 

One of these patients with mitral stenosis and gallop rhythm was 
a 59-year-old white man'who had severe arteriosclerosis of the coronary 
arteries with fibrosis of the myocardium. Coronary disease may have 
been a factor in the production of gallop rhythm in this case. The other 
was a 35-2,'ear-old colored female whose heart showed chronic rheu- 
matic valvulitis of the mitral, tricuspid and aortic valves with stenosis 
of the mitral and tricuspid valves. No other explanation than the 
rheumatic heart disease was found to account for the gallop which 
had been heard by a number of observers. 

In the other common type of valvular heart disease, syphilitic 
heart disease, gallop rhythm likewise is considered to occur uncom- 
raonlj*. In this study, of the 67 persons who died of syphilitic heart 
disease, 7 had gallop rhji:hm. But of these, 1 had complicating hyper- 
tensive heart disease, and 2. had complicating coronary artery disease 
(1 with recent myocardial infarction). In only 4 cases was there 
apparently no other explanation for the gallop than the syphilitic 
heart disease. 

T^ble 2.— The Frequencv Distbibtttion op De\ths of P\tients From, 1, Hyper- 
tensive He\rt Diseyse With Gallop Rhyth-m and. 2, Hypertensoe 
Heart Disease Without Gallop Rhythm 


.\ge 

(\rs.) 

n> pertensive 
heart disease 
with galloD 
rliAthm 

H\ pertensive 
heart disease 
without gallop 
rhj thm 

Total 

15-19 

. . 1 


1 

20-24 

. . 1 


1 

25-29 

2 


2 

30-34 

. 10 

2 

12 

35-39 

11 

4 

15 

40-44 

.S 

13 

21 

45-49 

10 

19 

29 

50-54 

. IS 

24 

42 

55-59 

11 

33 

44 

60-64 

11 

21 

32 

65-69 

7 

2S 

35 

70-74 

3 

14 

17 

75-79 


11 

11 

80-S4 


2 

2 


93 

171 

264 


Relationship of Age and Galiop Rhythm. The age in years at death 
of tlie patients who had hypertensive heart disease with and Yvithout 
gallop rhythm appears in Table 2. The average age at death of the 
patients witli gallop rhythm was 49.5 years, the standard error being 
1.3. The average age at death of the patients without gallop rhythm 



GARVIN: GAl-LOP RHYTHM 


817 


was 58.8 years (standard error ±0.8). The standard error of the 
difference between these two averages is 1.5. The actual difference, 

9.3 years, is 6.2 times this standard error, an indication that the dif- 
ference is a highly significant one. It appears that it can be concluded 
that in fatal hypertensive heart disease, gallop rhythm is found in 
younger patients. 

The age in years at death of the 55 patients with coronary heart 
disease and gallop rhythm, and the 122 patients without gallop rhythm 
appears in Table 3. The average for those with gallop rhythm was 

57.3 years (standard error ±1.4). For those without gallop rhythm 
it was 64.4 years (standard error ±1.0). The standard error of the 
difference betiveen these tivo averages is 1.8. The actual difference, 
7.1 years, is 4.0 times this standard error, an indication that the dif- 
ference is a highly significant one. Accordingly, it would seem that, 
on the average, in fatal coronary heart disease, patients with gallop 
rhythm are apt to be younger than those without gallop rhythm. 

Table 3. — The Frequency Distribution op Deaths From, 1, Coronary' Heart 
Disease With Gauuop Rhythm and, 2, Coronary Heart 


Age 

(yrs.) 

Disease Without Gallop Rhythm 

Coronary heart Coronary heart 
disease with disease without 

gallop rhythm gallop rhythm 

Total 

30-34 

1 

1 

2 

35-39 

2 

2 

4 

40-44 

4 

4 

8 

45-49 

7 

9 

16 

50-54 

7 

8 

15 

55-59 

13 

21 

34 

60-64 

7 

9 

16 

65-69 

8 

28 

36 

70-74 

5 

17 

22 

75-79 



13 

13 

80-84 

• • • • • « • 

8 

8 

85-89 

1 

2 

3 


55 

122 

177 


The rarity of the simultaneous occurrence of gallop rhythm and 
auricular fibrillation (2 in 199 cases) has been noted. This means that 
the patients wuthout gallop rhythm included almost all of the persons 
with auricular fibrillation. There is evidence^ that the average age at 
death of cardiac patients with auricular fibrillation is greater than the 
average age at death of cardiac patients wdth a normal cardiac mech- 
aiusin. This raises the question as to Avhether patients with gallop 
diythm are younger merely because the control group contains so 
niany persons with auricular fibrillation — persons ivho are apt to be 
older. Hence it seems advisable to compare the age of patients with 

«ud without gallop rhythm, but exclusive of those with auricular fibril- 
lation. 

The average age at death of 92 patients ivith In^pertensive heart 
( isease and gallop rhythm but -without auricular fibrillation was 49.5 

ears (standard error ±1.3). The average age at death of 115 patients 
" itii liypertensive heart disease and without both gallop rhythm and 
auricular fibrillation was 56.7 years (standard error ±1.0). The stand- 
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ard error of the difference between these two averages is 1.6. The 
actual difference, 7.2 years, is 4.5 times this standard error, an indica- 
tion that the difference is a highlj"^ significant one. It appears that it 
can be concluded that in fatal hj^jertensive heart disease, even exclud- 
ing patients with auricular fibrillation, gallop rhythm is found in 
younger patients. 

The age in years at death of the 54 patients with coronary heart 
disease and gallop rhythm but without auricular fibrillation was 
57.4 years (standard error Por the 88 patients with coronary 

heart disease without both gallop rhjdhm and auricular fibrillation it 
was 62.2 years (standard error ±1.2). The standard error of the dif- 
ference of these two averages is 1.9. The actual difference, 4.8 years, 
•is 2.5 times this standard error, an indication that the difference is 
.significant. Accordingly it would seem that in fatal coronary heart 
'disease, patients with gallop rhj'thm are apt to be younger than those 
without gallop rhjdhm, even excluding patients with auricular fibril- 
lation. 

Relationship of Race to Gallop Rhythm. The 264 patients witli hj’per- 
tensive heart disease consisted of 168 white and 96 colored patients. 
Of the 168 white patients, 53 (31.5%) showed a gallop; of tlie 96 colored 
patients, 40 (41.7%) had a gallop. Although the colored patients show 
a higher incidence of gallop rhjdJim than the white patients, the dif- 
ference is not statistically significant. 

There were 158 white and 19 colored patients who died of coronary 
heart disease. The 158 white patients included 47 (29.7 %) with gallop, 
the 19 colored patients 8 (42.1 %) with gallop. Again, the incidence of 
gallop rhjdhm is higher among the colored patients, but the difference 
is not statistically significant. 

If the patients with hypertensive and coronary heart disease are 
grouped together (and it must be granted that the two types of heart 
disease not infrequently are associated), then of the 326 white patients, 
100 (30.7%) had a gallop, while of the 115 colored patients, 48 (41.7%) 
had a gallop. This difference is found to be significant,* and it v'ould 
appear that colored patients with hypertensive heart disease and/or 
coronarj’^ heart disease show a higher incidence of gallop rhythm than 
do white patients. 

Relationship of Se.x to Gallop Rhythm. The 264 patients who died 
primarily of hj'pertensive heart disease included 178 males and 86 
females. Of the 178 males, 62 (34.8%) had a gallop, while of the 86 
females, 31 (36.0%) had a gallop. The difference is not significant 
when tested by the chi square method. 

There were 140 males and 37 females who died of coronary heart 
disease. Of the 140 males, 43 (30.7%) had a gallop; of the 37 females, 
12 (32.4%) had a gallop, a difference which is not significant. 

Apparently there is no relationship between sex and the occurrence 
of gallop rhjilim. 


* The term “significant” refers to a difference which could be produced by chance 
in less than 5% of trials as demonstrated by the chi square test. 
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Comment. An increased frequency of occurrence of gallop rhythm 
in younger patients, and colored patients has been demonstrated. 
The association between gallop rhythm and age is marked. The rela- 
tionship between gallop and colored patients could be demonstrated 
only by combining the hypertensive and coronary groups. 

It seems likely that the association between gallop and color is 
really a manifestation of the influence of age. In the hypertensive 
group, the average age at death of the white patients was 57 years, 
of the colored 50. In the coronary heart group, the average age at 
death of the white patients was 62.6 years, of the colored patients 53.9. 
Thus it is seen that in both groups the white patients were older. If 
white and colored patients of the same age grouping are compared, no 
association between gallop and color is demonstrable, although the 
groups are not sizable. 

In regard to age, however, the relationship is definite and certainly 
not related to color. Thus, for example, in the hypertensive group, in 
the group of white patients only, a higher incidence of gallop in the 
younger patients is easily demonstrable. 

Summary. Of 790 consecutive, adult autopsied patients dead of heart 
disease, 199 (25.2%) had had a gallop rhythm due either to auricular 
contraction or a third heart sound. Gallop rhythm occurred most 
frequently in hypertensive heart disease and coronary artery disease; 
1 out of every 3 patients had this type of rhythm. Cor pulmonale 
was associated with gallop rhythm in about 1 case in 5. Only 1 of 10 
patients who died of rheumatic heart disease or syphilitic heart disease 
had gallop rhythm. 

The average age at death of 93 patients with hypertensive heart 
disease and gallop rhythm was 49.5 years, of 171 patients ivith hyper- 
tensive heart disease and no gallop rhythm 58.8 years. Patients with 
coronary artery disease and gallop rhythm (55) averaged 57.3 years 
at death; 122 patients with coronary heart disease and no gallop 
rhythm averaged 64.4 years. Both of these differences seem to be 
statistically highly significant. Even if patients wdth auricular fibrilla- 
tion are excluded (such patients rarely have gallop rhythm and are 
apt to be older), it still appears that the average age at death of cardiac 
patients ivith gallop rhythm is less than the average age of cardiac 
patients wdthout gallop rhythm. 

If the patients with hypertensive and/or coronary heart disease are 
grouped together, of 326 Avhite patients, 100 (30.7%) had a gallop 
while of the 115 colored patients, 48 (41.7%) had a gallop. This seems 
to indicate that colored patients with fatal hypertensive heart disease 
and/or coronary heart disease, show a higher incidence of gallop 
rhythm than wdiite patients. It is thought that this is really a mani- 
lestation of the influence of age, for the average age at death of the 
colored patients was less than that of the white patients. 

^0 association betiveen gallop rhythm and sex wms demonstrable. 
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STUDIES ON THE EFFECT AND MECHANISM OF AMPHETAMINE 
SULFATE ON WEIGHT REDUCTION* 

By Ralph H. Kunstadter 
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H. Necheles, M.D., Ph.D. 

Assisted by M. Weiner 
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(From the Department of Gastro-intestinal Research and from the Children’s Endocrine 
Clinic, Michael Reese Hospital) 

In a previous communication, one of us described the use of ampheta- 
mine sulfate in the management of obese cliildren and was impressed 
by the frequent suppression of appetite following the administration of 
varying doses of this drug.'' 

It is our feeling that this effect could not be attributed principally 
to suggestion, fear of the doctor or parent, or education and suggestion 
during regular clinic attendance, for tlie following reasons: Previous 
medication, including thyroid extract, ephedrine, etc., had failed to 
affect the appetite. (In many instances there was a return of appetite 
and gain in weight during substitution therapy with placebos or other 
drugs.) Parents were instructed not to nag or police the children but 
to use an attitude of indifference. In a later group a prescribed reducing 
diet was not used, the children being permitted to eat ad Ubidum and 
yet, during amphetamine therapy, appetite was reduced and weight 
loss resulted in most instances. 

We have found that many children developed a rapid tolerance to 
the drug. Following initial weight loss on a given dose of amphetamine, 
appetite returned gradually, necessitating an increase in the dose. The 
increased dose usually resulted in a renewed depression of appetite and 
loss of weight. The failure to realize this fact may account for the 
poor results of others. 

The mechanism for the loss of appetite and decrease in weight fol- 
lowing the use of amphetamine sulfate is still obscure. Observations 
from our own and from other laboratories have shown that the drug 
inhibits motility and emptying of the normal human and dog’s stom- 
ach.'-' Apparently no studies on the effect of the drug on the normal 
hunger motility of the human stomach have been made. The effect 
of amphetamine sulfate on gastric secretion has been described as 
slight, insignificant, inconstant,* and significant.* No studies of the 
effects of amphetamine on psychic secretion were found in the literature. 
It is our purpose in this paper to present our clinical impressions and 
laboratory observations on the mechanism of action of this drug. 

* Aided by a grant from the A. B. Kuppenheimer Fund. The department is in part 
supported by the Michael Reese Research Foundation. The amphetamine sulfate 
(Benzedrine) was supplied by Smith, Kline & French, Philadelphia. Released for pub- 
lication by the War Department Manuscript Board, which assumes no responsibilitj*, 
other than censorship, for the contents of this article. 
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It lias been our clinical impression that under the influence of 
amphetamine sulfate, many of the children were more alert and 
exhibited greater physical activity, factors which in themselves could 
account for loss in weight. Recent observations have shown that the 
basal metabolic rate is not significantly increased by this drug.^ 

Another important feature is the abilit}^ of obese children treated 
with amphetamine sulfate to adhere to their diet with greater ease. 
Will-power seems to be definitely increased. This may be related to 
the effects of the drug on personality, on depressive and other abnormal 
mental states, on perversions of appetite, and on the emotional condi- 
tion described by Lesses and Myerson as anhedonia.^* We do not feel 
therefore, that favorable results obtained with such different methods 
as drug therapy on one hand and education, suggestion and psychiatry 
on the other, prove that the effects of drug therapy are due to the 
suggestions, education, etc., -which is necessarily in^’•ol^'ed in regular 
clinic attendance. Amphetamine renders the patient more apt to 
external (self) discipline. The drug may be even more useful in a class 
of patients in whom psychiatric treatment can be detrimental. - 

Methods. The studies on psj’-chic secretion were carried out on dogs pro- 
vided with a double-barreled esophagostomy and with a Pavlov pouch. The 
animals w^ere shamfed with ground raw meat and water, and their secretion 
detennined during and following this procedure. Then the animals were 
rested and, after a period of time, amphetamine sulfate was injected and the 
procedure of shamfeeding was repeated. In control experiments both tests 
gave similar values for volume and acidity. 

Gastric secretion -was studied in Pavlov pouch dogs, using the double hista- 
mine test. The drug was administered at the time of the second injection of 
histamine. 

Gastric motility was studied with tiie stomach balloon method, using an 
oil-carbon tetrachloride (sp. gr. 1.5) manometer. In the human, a moderate 
degi'ee of air inflation was employed and the normal, periodic hunger motility 
recorded. In the dog, the stomach balloon was distended to a degree which 
did not produce vomiting or discomfort of the animal. This distention was 
productive of continuous and Augorous gastric motility, which was useful and 
practical for the assay of the drug. 

In all series of tests, controls were performed in which nothing, water or 
.saline solution, Avas administered instead of amjflietamine. No appreciable 
effects of the Avater or of the saline solution were noted. 

Results. A. Psychic Sccrciion (2 animals). Chart 1 repre.sents a 
typical experiment. TJiree and 5 mg. of amphetamine sulfate injected 
intruA’cnously before the second shamfeeding did not materially aflect 
the secretion of the Pavlov pouch. Larger doses of the drug could nut 
be employed, because the animals lost their desire to eat readily. 

ii. Sccrciion of i he Pavlov Pouch (3 animals). In the double histamine 
test, the effects of amphetamine sulfate AA’ere variable. In some experi- 
luents secretion AA’as increased during the first (iO minutes, but in 
others there Avas no effect. The outstanding obserA ation in the.se experi- 
luents AA’as that the effect of amphetamine sulfate, if any, Avas transient. 
In positive experiments secretion reached its peak (iO minute.s alter 

* For rofereiice on this and other effects of amphetamine the reader is referred to the 
extensive Sun'cy of the Literature published by Smith, Kline & French. 
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injection of amphetamine and the effect of the drug had completely 
disappeared at the end of 90 minutes. The total acid expressed in 
mg. of HCL was increased considerably in some experiments while in 
others there was no increase, although the curve showed a distinct rise 
60 minutes after injection. This latter phenomenon was due to lower 
values before and after the peak. 



Chabt 1. — Dog Lamar, 17.1 kg., male. 1-29-42. Amphetamine sulfate i.v. 30 min- 
utes before second shamfeeding. The + signs indicate the presence of acid, but the 
volumes were too small for titration. 
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Fig. 1. — Dog. tjnanesthetizcd, male, 10.6 kg. Continuous gastric motility from 
overdistention of stomach balloon. At arrow, 5 mg. of amphetamine sulfate in 5 cc. 
of warm water administered intraduodenally through a thin catheter, introduced through 
the gastrostomy cannula. After a latent period of 20 minutes motility was practically 
abolished for 30 minutes and greatly diminished for another 45 minutes. Tlie dose of 
5 mg. would correspond to a dose of 25 mg. in a person weighing 57 kg. (125 lbs.). Time 
is marked in 15 and 30 minute periods. 

C. Gastric Motility (4 animals. Figs. 1 and 2; 2 human subjects, 
Fig. 3). In the dog small doses of amphetamine sulfate, comparable 
to those given to the human, suppressed motility for considerable 
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periods of time. Figure 1 represents a typical experiment. Figure 2 
represents an atypical experiment of considerable interest. While in 
the typical tests a depression of gastric motility was followed by 
resumed continuous motility, in this animal the drug produced pro- 
longed periods of rest alternating with relatively short periods of more 
or less strong motility. 

Figure 3 represents a typical experiment in the human. The drug 
did not affect normal hunger motility prevailing at the time of injec- 
tion. After this period of hunger motility had ended, however, the 
effect of the drug became apparent. The following period of rest was 
greatly lengthened, and when hunger motility returned, it was of low 
intensity and atypical for a number of hours. 



Fia. 2. — Dog unanesthetized, male, 10.6 kg. Continuous gastric motility from over- 
distention of stomach balloon. At arrow, 5 mg. of amphetamine sulfate in 5 cc. of 
warm water was administered through a thin catheter, introduced through the gastros- 
lomy cannula. After a latent period of 22 minutes, periods of complete rest alternated 
''ith periods of single or repeated contractions; this lasted for about 2 hours, when the 
test was ended. Time is marked in half-hour periods. 


Discussion. Amphetamine is regarded by many clinicians as a 
sympathomimetic drug, comparable to epineplirine in its biologic 
effects. This is not quite true, however,® and Tainter has called it a 
pseudo-sympathicotropic drug.® Dryness of the mouth is frequently 
observed in patients following administration of amphetamine. Tliis 
hatter effect is not observed with epinephrine, and may therefore be 
Ojalled atropine-like. It was chiefly this observation that made us feel 
that amphetamine might affect psychic secretion. 

'Vhile our experiments in the dog show the absence of appreciable 
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change in psychic secretion following the drug, this need not be applied 
to the human. Whenever we are dealing with central nervous effects 
of drugs, the situation is much more complicated in the human than 
in any animal. We have not been able to extend the study to young 
subjects because of technical difficulties. 

We cannot explain the variability of the responses of the Pavlov 
pouch of the same or of different dogs to the injections of amphetamine. 



Fig. 3. — Human, 22 years, 74.3 kg. Normal, fasting, stomach balloon. Regular 
hunger motility. At first arrou', 15 cc. of u-arm water was injected as control into 
stomach through the second lumen of the balloon tube. At beginning of second period 
of hunger motility 10 mg. of amphetamine sulfate in 5 cc. of warm water was injected 
into stomach (second arrow) . After a latent period of 50 minutes motility was more or 
less absent for 40 minutes and from then on (+2 hours) motility was weak, and no hunger 
pangs were felt by the subject. Time is marked in half-hour periods. 

That is, we do not know why in some animals there is a slight increase, 
in others a large increase, and in still others no change at all in the 
secretion and aciditj' of gastric juice following the injection of hista- 
mine and of histamine and amphetamine. The total amount of mg. 
of HCL secreted was not greater in a number of experiments than in 
the controls, although it was distinctly greater in the 60 -niinute 
samples after injection of histamine and amphetamine. 
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The suppression of gastric motility in the dog and in the liuman 
following the administration of amphetamine either by mouth, intra- 
gastric or intraduodenal, or by intravenous injection, was distinct and 
prolonged in most experiments. Even in those tests in which motility 
was not abolished completely it ivas modified. Typical strong hunger 
contractions were absent but smaller contractions, not sufficient to 
e\’oke the feeling of hunger, prevailed. This group of experiments 
showed conclusively that amphetamine affeets the feeling of hunger and 
probably reduces craving for food. The periods of inhibition .appear to 
he sufficiently long to warrant the assumption that 3 doses of ampheta- 
mine per day wall probably abolish more or less the feeling of hunger 
between meals. 

We do not assume that the above described effects of .amjihctamine 
on hunger motility can explain entirely the reduction in appetite and 
the loss of weight following the administration of the drug to obese 
children, hut we are inclined to believe, that the psychic effects men- 
tioned before, contribute to a considerable extent. 

Summary and Conclusions. The possible causes for the decrease of 
appetite and the loss of weight of obese children treated with ampheta- 
mine sulfate (Benzedrine) ivere analyzed. 

The drug caused increased activity, and mental and physical 
responses were distinctly increased. The children appeared to be .more 
disciplined under the influence of the drug, and followed their diet 
with greater ease. These effects were due to the drug rather than to 
educ.ation, “policing” or suggestion during prolonged clinic attendance, 
because the children regained their appetites and weight when placebos 
or other drugs were administered. 

In laboratory experiments the following results were obtained: 

Psychic secretion in the dog was not materially changed by ampheta- 
mine sulhate. 

The effects of amphetamine on gastric secretion of the dog were 
inconstant. 

_ Gastric motility in the dog and in the human was depressed con- 
siderably following the administration of amphetamine. 

It is believed that the psychic effects of amphetamine plus the 
depression of gastric hunger motility and of hunger can explain the 
results obtained by us in the treatment of the obese child. 
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Previous reports'* have described the clinical use of human 
serums dried in vacuo from the frozen state for the preservation and 
treatment of certain infectious diseases in relatively small groups of 
patients. The present report presents the results obtained with such 
serums over an S-year period in the prevention of measles, mumps, 
and chickenpox, and in the prevention and treatment of scarlet fei’er 
and whooping cough. 

Because febrile and shock type reactions, to be discussed later, 
occasionally occurred following their intravenous injection in the early 
years of this work, I’acuum dried serums in the present studies were 
at first used only for intramuscular injection. It now appears that the 
intravenous injection of I'acuum dried serums prepared by the newer 
techniques is probably as innocuous as the intra\'enous injection of the 
same serums prepared in the liquid state. 

In I’iew of the fact that these serums may be restored in a small 
fraction of their original water content, for routine intramuscular use, 
it has been customary to dissolve the powdered residue from each 10 cc. 
of serum in 4 cc. of sterile distilled water. This markedly reduces the 
bulk of the material to be injected; e. g., 20 cc. of serum may he 
injected as a total fluid volume of 8 cc. For intravenous injection the 
serum may be restored to its original volume if so desired. 

Presen-ath'es have not been added to such serums in the desiccated 
state, but serum centers operating under license from the National 
Institute of Health are required to supply with each ampule of 
desiccated serum an ampule of sterile distilled water containing 0..35% 
phenol. The purpose of this procedure is to prevent the contamination 
of such serums following restoration to the fluid state. 

Measles Prophylaxis. Both convalescent and normal pooled adult 
serums ha^'e been employed in passive immunization against measles. 
Particular interest has been paid to the use of vacuum dried normal 
adult serum in pools containing the bloods of a minimum of 50 indi- 
vidual donors inasmuch as convalescent serum is extremely difficult 
to obtain in sufficiently large quantities to be of general practical 
value, hloreover, it is felt that the use of large pools of normal serum 
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provides a product which varies little from pool to pool whereas small 
pools or individual bulks of convalescent serum undoubtedly vary 
tremendously in their protective power. The disadvantage that some- 
what larger doses are required when pooled adult serum is employed 
is offset to a large extent by the advantage that vacuum dried serums 
are generally concentrated to less than one-half their original volume 
when restored to the liquid state. 

Results comparable to those described here have been reported with 
the use of liquid pooled adult serum by Gunn,® Lempriere,^® Champla- 
toup,® Bull,® and others; the latter tAVo studies Avere Avell controlled. 
LikeAvise, the results obtained AAuth Amcuum dried convalescent serum 
are quite comparable to those reported in many studies with liquid 
serum heginning Avith those of Nicolle and ConseiR^ in 1918. 


Table 1. — Measles Prophylaxis Vacuum Dried Human Serum (1233 Cases) 


Close exposure (desired result 
often attenuation) . 

Casual exposure (including 
hospital) 


Convalescent serum Pooled adult serum 



1C8 cases 



1065 cases 


No 

disease 

Attenua- 

tion 

Disease 

No 

disease 

Attenua- 

tion 

Disease 

77 

40 

5 

471 

273 

18 

37 

6 

3 

267 

25 

11 


Convalescent Pooled adult 
serum serum 

Dosage Schedule for Complete Protection:* 

Age 6 years or under 10 cc.f 15-20 cc. 

Age over 6 years 15 co. 20 cc. 

Age over 12 years 15-20 cc. 30 cc. 


Dosage Schedule for Attenuation:* Give one-half the dose recommended for complete 
protection in the first 3 days following the initial exposure. Give two-thirds of the 
dose recommended for complete protection on the 4th or 5th days following the initial 
exposure, and the full dose recommended for complete protection on the 6th and 7th days 
following the initial exposure. 

* After the 7th day following exposure, the value of serum is questionable, 
t 4-5 cc. diluent used for each 10 cc. of original serum. 


The results obtained in measles prophylaxis Avith both coiiA'alescent 
and pooled normal adult serum are shoAAm in Table 1. The suggested 
dosage schedule is also given in this table. It AA'ill be noted that the 
cases are diAuded into a group giA^en serum after close exposure, and 
a second group Avhose exposure was casual (including Avard exposures). 
Obvioiislj'^ the expected secondary case rate is much higher lolloAving 
a more intimate exposure. 

The results are indicated as “no disease,” “attenuation,” and “dis- 
ease.” Obviously, the desired result is “attenuation,” except in the 
instance of AAmrd and other institutional exposures Avhere it is important 
to prevent the spread of an epidemic and in certain A-ery young and 
delicate children. A case of measles is considered attenuated it fever 
lasts for no longer than 24 to 48 hours and there are no complications. 
Ill general, it is felt that serum administered later than the 7th day 
following the initial exposure has little effect in modifying or preventing 
the disease. If either com'alescent or pooled adult serum is given in 
'Adequate amounts sufficiently early in the incubation period, conijdete 
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protection or attenuation will follow in 90% or more of the cases 
injected. 


Table 2.— Scarlet Fever Prophylaxis Vacuu.m Dried Humax Serum 

(1195 Cases) 


Convalescent serum 
1043 cases 


Pooled adult serum 
152 cases 


No disease Disease No disease Disease 
Close exposure . . Sol (238) 22 (7) 102 (87) 5 (2) 

Casual exposure (iiiehiding 

hospital) . . 170 (100) 0 45 0 

Figures in parentheses indicate number of cases known to be Dick positive. 


Dosage schedule:*^ 

.Age G j'ears or under 
.Age over 6 years 
.Age over 12 years 


Convalescent sernm 
10-15 cc4 
15 cc. 

20 cc. 


* For pooled adult serum double dose recommended for convalescent serum, 
t If exposure continuous repeat serum injection on 10th day. 
t 4-5 cc. diluent used for each 10 cc. of original serum. 


Scarlet Fever Prophylaxis. Tiie I'aJue of convalescent scarlet fever 
serum in passive immunization of e.\posed indii'iduals is widely recog- 
nized. An analysis of many reports, such as that by Hoyne, Levinson, 
and Thalhimer,® indicates that following the injection of liquid con- 
I'alescent serum, the case incidence in e.vposed individuals is approxi- 
mately 2.5%. The results in this study (Table 2) with vacuum dried 
serum were essentially the same. There was a case incidence of 2.0% 
in the group receiving convalescent serum following a more intimate 
exposure, and a case incidence of 2.2% in the group of 1043 cases 
receiving convalescent serum. 

The symptoms in the majoritj- of the 22 cases dei'eloping scarlet 
fever following the injection of coin'alescent serum were very mild and 
there were no complications. It is interesting that 8 of these 22 case?* 
dei'eloped the disease between the 11th and 20th days following the 
administration of serum. Furthermore, all 8 cases remained in the 
same household with the source of contagion. Previously reported 
studies'- on the duration of passive immunity following injection of 
convalescent serum as shown by the Dick test, would suggest that 
passive immunity lasts on the average from 10 to 14 days. These earlier 
studies combined with the clinical studies indicate the advisability of 
repeating serum injections every 10 days when the exposed individual 
is to remain in the same household with the source of contagion. 

When possible an attempt was made to determine the Dick reaction 
on exposed individuals prior to serum injection. However, in a disease 
with such a short incubation period as scarlet fever, parents and 
physicians are often unwilling to lose the 24 hours which is nece.s.sary 
for the performance of the test. As will be noted in Table 2, .351 oi 
the cases here reported were known to have positive Dick tests prior 
to the injection of convalescent serum. 

In order to determine the value of normal pooled adult serum from 
Dick negative donors, a series of 1.52 individuals was given this serum 
following exposure. Eighty-nine of these contacts were known to be 
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Dick positive. It would appear from the studies reported that in the 
absence of convalescent serum, pooled adult serum from immune (Dick 
negative) donors may be effective in preventing the disease. 

The dosage schedule employed for both convalescent and pooled 
adult serums may be seen in Table 2. 

Scarlet Fever Treatment. One hundred and sixtj^-nine cases of scarlet 
fever have been treated with vacuum dried convalescent serum. A 
good response was obtained in 129 (76%) of these cases, which is 
comparable to the results obtained with liquid serum by Hoyne, 
Levinson, and Thalhimer® and others. A good response is characterized 
by a return to a practically normal temperature, a fading rash and 
absence of or marked diminution in toxemia within 36 to 48 hours 
following the administration of serum. From 30 to 60 cc. of serum 
were given at a dose and in the great majority of cases a single dose 
of serum was sufficient to secure the desired result. Occasionally 2 and 
even 3 doses of serum are necessary. 

The majority of the cases in the early part of this study were injected 
by the intramuscular route. It is felt, however, that better results are 
obtained when serum is administered intravenously, and for several 
years this has been recommended routinely. More rapid absorption 
and higher concentration result. 

The detailed results may be seen in Table 3. 

Table 3. — Scablet Feveh Treatment With Convalescent Scarlet Fever 

Serum (169 Cases) 

Result No. of patients 

Good* 129 

Moderatef 24 

No responset 10 

Dosage: 30 to 120 cc. 

Serum given intravenously gives best results. 

* Cases whose symptoms subsided in 36 to 48 hours or less. No complications. 

t Cases whose symptoms remained longer but showed definite imiirovement. No 
complications. 

t Cases in which serum had no apparent effect, or in which complications developed. 

ProiFiylaxis and Treatment of Whooping Cough. Previous reports 
on the use of vacuum dried hyperimmune whooping cough serum 
have been made by McGuinness, Stokes, and Miidd,’- jMcGuinness. 
Bradford, and Armstrong, and Katsampes, Bradford, and McGuin- 
ness.® This serum is prepared from the blood of indiA’iduals who are 
known to have had pertussis in childhood and who in addition have 
received repeated injections of pertussis vaccine. Tlie agglutination 
titer of such serum varies from 1 ; 1280 to 1 : 5120 with an average ot 
1 : 2560 which is of interest in that the agglutination titer of convalescent 
serum is usually in the range of 1 ; 300. A report on more recent methods 
ol immunization and titration has been made by Flosdorf, McGuinness, 
Kimball and Armstrong.'* 

The results obtained in passive immunization following exposure 
imd the dosage schedule employed may be seen in Table 4. hen the 
entire group of 215 cases is considered it will be noted that IGS (78%) 
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failed to contract the disease, 22 (10.3%) developed very mild whoop- 
ing cough consisting of a mild cough without whooping or vomiting; 
12 (5.6%) developed a mild disease in which there was some whooping 
but no vomiting; and 13 (6%) developed typical wJiooping cough 
which was in no instance followed by complications. Particular sig- 
nificance is attached to the group of 106 infants and young children 
continuously and intimately exposed to siblings with no attempt at 
isolation. Among this group 71 (67%) failed to develop any symptoms, 
16 (15%) developed very mild pertussis, S (7.5%) developed mild 
pertussis, and 1 1 (10.5%) typical pertussis. 


Table 4.— -Whoopin'g Coboh Prophylaxis Hyperi5iiiune Hbhax Serum 

(215 Cases) 



No 

Very mild 

Mild 

Typical 


<1iGease 

(ii'ieasse* 

disenspf 


Intimate exposure (continuous) 

71 

16 

s 

11 

106 cases 

67% 

15% 

7 5% 

10 5% 

Intimate exposure (short duration) 

50 

0 

3 

1 

60 cases 

S3 4% 

10% 

5% 

1 0% 

Casual e.xposure (includes tvard con- 

47 

0 

1 

I 

contacts) 49 cases 

95.8% 


2.1% 

2 1% 

Totals 

16S 

22 

12 

13 


or 

or 

or 

or 


7S% 

10 3% 

5 0% 

0 1% 


* No whoopiiiR or vomiting — mild cough of short durtition. 
t Whooping but no vomiting— short duration. 


Dosage of Scrum Used: 

10-20 cc. depending on age of child and intensity of exposurc-t 
A minimum of two 20 cc. injections should be given when exposure continuous. 
Serum injection sliould be repeated in 5 to 7 days. 
t 4 cc. of diluent used for each 10 cc. of original serum. 

The best results appear to be obtained when serum is administered 
within the first week following the initial e.xposure. 

Vacuum dried hyperimmune serum has been used in the treatment 
of 31.5 cases of pertussis following the onset of catarrhal symptoms. 
Of the 315 cases treated, 123 were infants of 6 months of age and under. 

Table 5.— Whoopixo Cough Treat.ment Hyperimmune Human Seru.m 

(315 Cases) 

UcAul! No, of p-Atienl.s 


Excellent 

Good 

. IISI 
9S 1 

= 6S 

0% 

Moderate 

62 

= 19 

7% 

Poor 

32 

= 10 

2% 

Deaths 

. 5 

= 1 

5%* 


(3.2% among 123 infants 
0 months of age and under) 

Dosage of Serum Used: 

20 cc. intramuscularly repeated 3 or 4 times.t 

It may be ad\-isable in critically ill infants to giA'C larger doses intravenously. 

* Four deaths in infants under G months of age. and 1 death in an IS month infant. 
None of these 5 infants received a full course (three or more 20 cc. doses) of serum, 
t 4 cc. of diluent used for each 10 cc. of original scrum. 

The results obtained and the suggested do.sage .schedule may be 
seen in Table 5. The re.sult.s are tabulated as e.xcellent, good, moderate, 
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poor and deaths. An excellent result is one in which virtually all symp- 
toms have disappeared within 1 week of the time serum therapy was 
instituted. A result is considered good if the major symptoms have 
disappeared in from 10 to 14 days following the onset of therapy. A 
moderate result is one in which it can be definitely felt that the symp- 
toms have been lessened by the serum although not in a rapid or 
spectacular manner. 

Four of the 5 deaths which occurred among the 315 treated cases, 
were in infants 6 months of age or under. Three of these infants were 
2 months of age. One died 4 days following the initial dose of serum, 
having received a total of 40 cc. The second died within 36 hours of 
the initial dose of serum, having received a total of 40 cc. The third 
infant died 24 hours after a single 10 cc. dose. All 3 infants Avere 
morihund with bronchopneumonia when treatment was first instituted. 
A fourth infant, age 6 Aveeks, died 10 days after the initial dose of 
serum, death being due to an intractable diarrhea. This child likeAvise 
received too little serum, having had only tAvo 10-cc. doses, one on the 
10th and one on the 5th day prior to death. 

One child of 18 months admitted to the hospital in a conA-ulsiA’e 
state received one 20-cc. dose of serum but died 36 hours after admis- 
sion. 

It appeared necessary to include these cases in this series, although 
not one had received a full therapeutic course of serum, 3 having died 
Avithin 36 hours of the initial dose. 

In general better results AA^ere obtained Avhen treatment AA^as instituted 
early in the course of the disease. The intravenous administration of 
60 to 100 cc. of serum at a dose is noAv recommended in the case of 
critically ill infants. It may be desirable to repeat these large doses 
one or more times. 


Table 6. — Mumps Pkophylaxis Vacuum Dried Human Serum (305 Cases) 


Coiivalo.scenl serum Pooled adult serum 

200 cases 105 cases 


No disease Disease No disease Disease 

Close exposure 155 IS* 3S 1 

Casual exposure (including hospital) .26 1 GO Of 


Dosage Scha}xtlc:t 

Age under 5 years 
Age 5 to 12 years 
Age over 12 years 


C'onvalesceiil 

5>er\im 


Pooled adult 
serum 


10 cc.§ 20 cc. 

15 cc. 20-30 cc. 

20-30 cc. 30 cc. 


15 cases developed a verj' mild disease; 3 cases developed moderately severe mumps, 
t 4 cases developed mumps within 5 days after receiving serum, 
t If Serum is given later than 1 week after initial exposure there can be no assurance 
of protection or modification. 

§ 4-5 cc. diluent used for each 10 cc. of original serum. 


Prophi/la.ris. Vacuum dried serums have been employed 
in attempted passwe immunization of 305 indiAuduals folloAving expo- 
sure to mumps. Tavo hundred cases received convalescent serum, that 
IS serum obtained during the first 4 montlis folIoAving recoA'ery from 
the disease; and 105 cases received pooled normal adult serum. The 
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results obtained and the dosage schedule recommended are shmni in 
Table 6. 

It is felt that these results are not as accurate as would be desired 
inasmuch as many of the individuals treated in this series were adults 
who may have had mumps during childhood and forgotten they had 
had the disease. However, the series includes a sufficient number of 
presumably susceptible children who have received serum following 
close exposure and the data indicate that convalescent serum is prob- 
ably effective to a certain degree. Its use appears to be justified in 
the absence of more specific measures. The results presented here are 
comparable to reports by Hess,' Barenberg and Ostroff,' and others; 
but well controlled studies with either vacuum dried or liquid serum 
hai’e not been carried out. 

It is possible that in the absence of convalescent serum, pooled 
normal adult serum may ha^•e some degree of effectiveness in passive 
immunization against mumps. 

Table 7.— Chickenpox Prophylaxis A'acucm Dried Human Seru.m 

(239 Cases) 

Convalescent serum Pooled nduU serum 

59 cases ISO cases 


No disease Disease No disease Disea.so 

Home 6 10 23 5 

Hospital 42 1 131 21 


Dosage Sdicdulc:* 

Age under G yeans 
Age over 6 years 
Age 12 years and over 


Convalescent 

serum 

10-15 ec.t 
20 cc. 
25-30 cc. 


Pooled adult 
serum 

20 cc. 

30 cc. 

30 cc. 


* If scrum is given later than I week after initial exposure there can be no assurance 
of protection or modiBcation. 

t 4-5 cc. diluent used for each 10 cc. of original serum. 


Chickenpox. ^’acuum dried convalescent and normal pooled adult 
serums have been employed in the attempted passive immunization 
of 239 individuals following exposure to chickenpox. The results 
obtained and the dosage schedule employed may be seen in Table 7. 
Passive immunization against chickenpox was relatii'ely unsuccessful. 
Attempts to prevent the spread of the disease on hospital wards with 
pooled normal adult serum have, with a few exceptions, failed. A 
number of the cases of chickenpox developing after the injection of 
convalescent serum have been mild, but more individuals de\'eloped 
the disease tlian were protected. These results do not agree with those 
reported by Gordon and iMeader* and others who employed liquid 
convalescent serum. But, as in the case of mumps prophylaxis, well- 
controlled studies are not yet available for comparison. 

On the whole, it would seem that attempted passive immunization 
against chickenpox with con^•alescent or pooled normal adult serums is 
only justified when there are special indications to prevent the develop- 
ment of the disease. 

Eeactions. In general, reactions following the intramuscular injec- 
tion of vacuum dried serums are negligible. Local discomfort at the 
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site of injection generally lasts for from 12 to 24 hours, particularly 
in older individuals. A few individuals have a slight temperature rise 
of I to 1 ° F., lasting for 12 to 24 hours. On rare occasions a tempera- 
ture elevation to 102° F. or 103° F. results. Several cases of delayed 
serum sickness have been encountered, but the incidence was less than 
0.1 % of individuals receiving human serum. No acute anaphylactic 
reactions ha^'e occurred following the intramuscular injection of 
vacuum dried serums. 

In the early years of this study a number of sharp febrile and shock- 
like reactions occurred following the intravenous injection of these 
serums. It is now felt that these reactions were probably due to early 
faulty technique in handling the serums prior to vacuum dehydration, 
for in recent years ^’accum dried serums ha^m been given intra-\^enously 
with no greater occurrence of reactions than with serums prepared and 
preserved in the liquid state. 

Summary. Iluman serums dried in vacuo from the frozen state have 
been employed in passive immunization against measles, scarlet fever, 
whooping cough, mumps, and chickenpox, and in the treatment of 
scarlet fever and whooping cough. 

With the exception of chickenpox, in which both convalescent and 
pooled adult serums frequently failed to protect, satisfactory results 
have been obtained. The results in mumps prophylaxis are not con- 
clusive, but strongly suggest that serum may be of value. 

Particular interest has been focused on the value of pooled normal 
adult serum in passive immunization against measles, and on the use 
of “hyperimmune” whooping cough serum in the prevention and 
treatment of that disease. 

It would appear fi*om these studies that serums dried m vacuo from 
tile frozen state may be given either intramuscularly or intravenously 
with no more reaction than from injection of the same materials pre- 
served in the liquid state; and the clinical results are comparable to 
those reported by other im’-estigators who have employed similar 
serums preserved in liquid form. 

Vacuum dried serums may be stored over long periods of time 
without deterioration and may be redissolved in a small fraction of 
their original water content, thus permitting concentration prior to 
injection. 
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TOXIC EFFECTS OF PROMIN (SODIUM P,P'-DIAMINODIPHENYL- 
SULFONE-N.N'-DIDEXTROSE SULFONATE) ON THE 
ERYTHROCYTES OF GUINEA PIGS 

By George IM. Higgins, Pii.D, 

ROCHESTER, MIKN’, 

(From the Division of Experimental Merlirine, Mayo Foundation) 

In a series of ivell-controllcd e.xperiinents Feldman, Ilinshaw and 
iHoses^"*"’ have slimvn that promin is an effective therapeutic agent for 
the control and the cure of experimental tuberculosis in guinea pig.s. 
Promin has also been used successfully to combat infections which were 
induced by hemolytic streptococci,*® by pneiimonococci" or by gono- 
cocci.*’ 

Following these initial studies on the course of tuberculosis in experi- 
mental animals, Hall and his colleagues*® presented a preliminary 
report on the data assembled from the blood of patients who had 
received promin for clinical tuberculosis. These authors confirmed the 
observation that jiromin is toxic and showed that the drug caused 
excessive destruction of the blood, resulting in anemia apparently 
hemolytic in type. 

My interest in these studies on promin evoh'cd from the tentative 
observation of Feldman that the drug induced anemia in his tuberculous 
animals. Interested in experimental anemia, I undertook to stud.\' 
the peripheral blood and the hemopoietic organs of normal guinea jiigs 
which were given promin by mouth. Adequate amounts of promin 
were provided by Dr. E. A. Sharp of Parke, Davis Company and I 
wish to acknowledge indebtedness to him for his courtesy and interest 
in this study. This report is re.strieted to the data assembled from 
my study of the erythrocytes of these animals. 

Methods of Study, Twenty guinea pigs, free from any external evidence of 
disease and having an average body weight of 317.4 gm., were .selected from 
our stock colony. They were arrangeel into 4 groups of 5 animals each, housed 
in metal cages, 2 animals to a cage, and fed our standard ration. One group 
received 100 mg. of promin daily; a second group, 200 mg. daily; a third group, 
300 mg. daily, and a fourth group, water only ns controls. 

.As our study was of short duration, wc provided each guinea pig its daily 
allotment of promin by means of a calibrated pipet inserted into the mouth, 
instead of adding the drug directly to the diet in a 1 % concentration (300 and 
400 mg. of promin each da,v), as in Feldman’s study. Promin was given for 
21 days in the amounts indicated. It was then withdrawn and the animals 
were followed for 21 clays more, recoverj- from the to.xic effects being observed. 

All examinations of blood were made on a single sample withdrawn from 
the heart with a 2 cc. Lucr sjTingc, equipped with a 23-gaugc needle. This 
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sample was transferred to a chemicall}" clean glass slide and all detenninations 
made from the single sample. The number of eiythrocj^tes per c.mni. was 
determined in pipets approved by the U. S. Bureau of Standards, using the 
Bright-Line Improved Neubauer counting chamber. Hematocrit determina- 
tions were made with the Van Allen tubes; erythrocyte volumes (in c.^) from 
the hematocrit reading and the total erythrocyte count; the amount of hemo- 
globin (gm. per 100 cc.) by means of the Cenco-Sheard-Sanford photelometer. 
Two slides were prepared of each sample of blood obtained; one was stained 
with brilliant cresyl blue counterstained with Wright’s stain, for study of the 
reticulocytes; and the other was stained with the hlay-Gilinwald Giemsa 
technic. 

Results. The daily administration of proinin in the amounts stated 
was apparently without deleterious effect on the general appearance 
of these guinea pigs during the first •week. All increased in weight and 
their intake of food was satisfactory. During the second week some 
changes were observed. Loss of appetite and weight ivas experienced 
by some animals, so that by the end of the second Aveek 1 animal 
which had received 200 mg. daily and 2 ivhich had received 300 mg. 
daily were dead. During the third iveek the same number of deaths 
occurred, so that at the end of the third w^eek, -when the drug was 
withdrawn from all animals, there were 14 animals: 5 controls, 5 which 
had received 100 mg. daily, 3 which had received 200 mg. daily, and 
1 which had received 300 mg. daily still alive. 

Toxic effects, certainly not evident grossly at the end of the first 
week, were definitely demonstrated in the samples of blood taken at 
that time. The effects ivere most marked in animals which had received 
the larger amounts of the drug. Cardiac blood was dark in all the 
experimental animals; but in those receiving 200 and 300 mg. daily, 
it was thin and of a deep chocolate color. Spectrophotometric examina- 
tion (by Dr. Charles Sheard) of oxalated samples of blood showed the 
presence of sulfhemoglobin in some animals and methemoglobin in 
others. A number of blood samples included an intermediate, as yet 
undetermined, product which had an absorption band of 626 to 628 m.fi. 
fliese pigments were not in the plasma, but in the erythrocytes, for 
centrifuged samples contained a clear supernatant plasma, but dark, 
almost black, packed eiythrocytes. These pigments are the result of 
some chemical changes in the hemoglobin induced by promin after 
its passage through the gastro-intestinal mucosa; for we have not 
seen such color changes as yet ivhen the drug was given intra^'enously. 


Tabi.e 1.— Erythrocyte Data Assembled After 1 Week of Administration 

OF Promin 


-Xmownt of 
''Dig daily 
"'g. 
None 


100 


200 


noo 


(The figures in p.-irenthescs indicate ranges observed) 


No. of 
nnimals 

0 

Erythrocytes, 
mil. per c.mm. 
r>.41 ± o.os 
(r,.20 - .i.o:,) 

Volume of 
erytlirocj'te, 
e\ibit'- mierons 
82.7 ± 1.1 

(80.0 - 87.0) 

Hemoglobin, 
gm. per 100 cc. 
12.7 =fc 0.3 
(11.2 - 13.0) 

ricticulocyte.s, 
% of total 
erjtbrocytes 
1.2 ± 0.2 
(0.0 - 2. .5) 

0 

4.40 ± o.ofi 
(4.05 - 4.00) 

88. G ± 1.4 

(84.4 - 90. .5) 

10.5 ± 0.3 
(9.1 - 11.2) 

7.S ± 0.0 
(4.8-11.2) 

o 

."5.50 ± 0.20 
(2,90 - 4.45) 

110.5 3.2 

(98.9 - 130.0) 

10.5 0.5 

(8.8 - 12.0) 

.5.2 =*= 0.9 
(2.3 - 8.9) 

f) 

.3. .'>4 ± 0.20 
(3.05 - 4.3.5) 

111.1 ± 3.9 

(92.0 - 125.7) 

9.3 ± 0,2 
(8.0 - 9.8) 

1 1 . 8 2 3 

(3.0 - 24.0) 



836 


HIGGINS: TOXIC EFFECTS OF PROMIN 


All data on the toxic effect of promin on the erythrocytes assembled 
at the end of the first week were condensed into Table 1. Average 
determinations, together with their standard errors, are given, and the 
range or spread of the data is also included. Data assembled from the 
5 control animals were not altered significantly from those obtained 
from the 20, prior to giving promin (Table 2). But animals which had 
received 100 mg. of the drug each day now showed a significant decline 
of their total er\'throcid:e counts and of concentration of hemoglobin, 
together with an increase of cell volumes and of reticulocyte percent- 
ages. 

T.\bi.e 2.— Control Data Before Admintstratiox of Promin 

Body Volunio of ReticuIoc\ tos, 

No. of «t., Erythrocj tos. er> tlirocj (e, Hemoglobin, % of total 

animals Sex gin. mil. pere.mm. cubic microns gm. per 100 cc, er>throc\tes 

20 M 317.4 5.40 * 0.07 S2.1* i.g 13.0 ± 0.09 l.S!t0.2 

(2S0- (4.75 - G.IO) (75.4 - 90.5) (11. G - 14.6) (0.7 - 3.9) 

352) 

All animals did not respond alike to comparable amounts of promin. 
Of the 5 which received 200 mg. daily, 1 at the end of the first week 
had an erythrocyte count of 2,900,000 in each c.mm. of blood, while a 
mate had a count of 4,450,000, which was close to the lower limit of 
the normal range. Regenerative capacities, indicated by cell volumes 
and reticulocj'te percentages, were most marked in animals which 
had sustained the greatest toxic damage. 

^Yhe^eas the distribution induced in animals by the dail.\’ doses of 
200 mg. was significantly different from that of those given 100 mg., 
there were no essential (lifferences between the data derived from the 
200 mg. and 300 mg. groups. The addition of 100 more mg. did not 
appear to inflict any more damage on the red cells than did 200 mg. 
of drug. The degree of anemia, the e.xtent of the macrocytosis and the 
hemoglobin levels were statistically alike in the 2 groups at the end 
of the first week. There was, however, a significant difference in their 
reticulocyte percentages. This is due to the fact that 1 animal, which 
had an erythrocyte level of 3,000,000 in each c.mm., had the unusually 
high reticuloci-te level of 24%. 

At the end of the second week the degree of anemia was greater than 
before in animals which had received the daily doses of 100 mg. The 
mean number of erythrocytes had dropped to 4,080,000, and their 
size had increased to a mean of 105.7 c.)i. Hemoglobin levels and 
reticulocyte percentages remained unchanged. But in both groups 
which received the larger amounts of the drug, increased toxic changes, 
greater than those recorded at the end of the first week, were not 
observed at the conclusion of either the second week or the third week 
of administration of promin. The animals appeared to acquire a tol- 
erance for the drug and manifested a i)lood regenerative capacity 
which maintained the levels of erythrocytes and hemoglobin at a satis- 
factory minimum. Elevated percentages of reticulocytes were proof 
that the bone marrow had not been injured seriously by tiie drug. 

In Figures 1, 2, 3 and 4, stained smears show the ai)pearanee of the 
erythrocytes in the blood of a normal animal and of animals at the 
end of tile third week of administration of jiromin. Reticnlocyto.sis, 
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Fig. 3.— Blood smear of Ruinea pig after receiving 100 mg. of promin daily for 3 weeks. 
Reticulocytes are sliown, hut they are not crenated. 



I'lo I. — BlcKid '•mcar of guinea pig after receiving liOO mg. of promin daily for o wick'. 
Most of the er>-throc> tes in the circulating blood are crenated. 
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macrocytosis, hyperchromatophilia and crenation of the mature 
erythrocytes have occurred. 

To determine the irreversibility of these changes induced in the 
erythrocytes by promin, we withdrew the drug from all animals but 
continued to observe the blood at weekly intervals for 3 weeks there- 
after. Elevated erjThrocjde counts, reduced erythrocyte volumes and 
increased hemoglobin levels occurred immediately. The data, assem- 
bled after the third week of recovery, from the 14 surviving animals 
is presented in Table 3, showing that promin had not induced any 
permanent damage to the hemopoietic system. 

Table 3 .— Data Assembled 3 Weeks After Discontinuing Administration 





OP Promin 



Amount of 



Volume of 


Reticulocytes, 

drug daily 

No. of 

Erytlirocyte.s, 

erythrocyte, 

Hemoglobin, 

% of total 

mg. 

animals 

1 mil. per c.mm. 

cubic microns 

gm. per 100 cc. 

erythrocyte.s 

None 

5 

5.77 ± 0.15 

81.7 2.05 

13.9 0.31 

1.14 ±0.15 



(5.35 - 6.76) 

(70.0 - 88.0) 

(13.2 - 15.3) 

(0.6 - 2.0) 

100 

5 

4.87 ± 0.12 

91.8 =fc 2.88 

12.7 =t 0.22 

1 .7 ± 0.28 



(4.30 - 5.48) 

(80.3 - 106.9) 

(12.4 - 13.0) 

(0.8 - 3.1) 

200 

3 

4.55 0.12 

99.8 3. .56 

12.3 =t 0.47 

1.2 ±0.29 



(4.20 - 4.05) 

(90.9 - 111.1) 

(11.2 - 13.0) 

(0.5 - 2. .3) 

300 

1 

4.90 

95.9 

12.4 

1.4 

Comment. 

Changes which 

Avere induced 

in the blood of the guinea 


pigs hy promin resembled qualitatively those hitherto described fol- 
lowing the administration of sulfanilamide, other sulfonamides^'*"^® 
and drugs.* They conform in general to those which occurred 
following the administration of the drug to tuberculous patients. 
Feldman, Hinshaw and Moses® gave 300 to 400 mg. daily in their 
diets to guinea pigs weighing 500 gm. Therefore their doses ranged 
from 600 to 800 mg. daily per kilogram of animal weight. The a^'erage 
weight of our guinea pigs was 317.4 gm., so that our doses ranged from 
310 mg. per kilogram of body weight in the group which received 
100 mg. daily to 930 mg. per kilogram of body weight in the group 
which received 300 mg. daily. 

The effect of the drug is apparently directly on the erythrocyte and 
the anemia which ensued is the result of chemical and physical changes 
in the erythrocytes (Fig. 4), their destruction, and their final removal 
from the blood stream, largely by the spleen. Accompanying these 
changes, pigments were formed in the cells, so that samples of blood 
drawn a week after administration of promin was started were very 
dark and showed by spectrophotometric analysis the presence of 
sulfhemoglobin, methemoglobin and in certain animals an additional 
product as yet undetermined, but having its own characteristic absorp- 
tion band. 

Crenation of erythrocytes, observed in “cover slip” preparations of 
the blood of animals given promin, will occur equally well in in vitro 
preparations. When varying concentrations of promin were added to 
oxalated preparations of whole blood, crenation occurred immediately, 
iuid in fresh “cover slip” preparations the proportion of such crenated 
cells Avas found to correlate with the amount of promin added to a 
given sample of blood. Crenated cells, however, were not identified 



S40 


HIGGIN'S: TOXIC EFFECTS OF PROMIX 


in “cover slip” preparations made of heart blood taken from an animal 
which had received the drug by way of the saphenous vein. It is likely 
that following an intravenous injection the protective organs, liver, 
spleen and bone marrow, readily remove all damaged cells from the 
circulation. But the slow absorption from the gastro-intestinal tract 
of the orally administered drug resulted in a continuous action so that 
damaged erj-throcj-tes were encountered more readily. These changes 
are somewhat like those hitherto described, when er\-throcytes are 
subjected to other substances which set up changes of permeability 
and osmotic pressure, and perhaps in the cell membrane itself.^'® 

The blood picture in these animals is, in some respects, like that of 
clinical hemol^lic anemia.* Typical spherocj'tosis of the erythrocytes, 
such as found in familial hemolytic (spherocj-tic) anemia, howe\'er, 
was not observed in these bloods. Other symptoms of hemolytic 
anemia, such as increased pigment content of the bile and of the urine, 
elevated percentages of reticulocytes and greatly enlarged spleens, were 
observed in these animals. 

In clinical hemolytic anemia, erythrocytes begin to hemolyze at 
higher concentrations of solutions of sodium cliloride than do normal 
erythrocj’tes. In other words, they are more fragile and less resistant 
to hypotonic solutions. In normal guinea pigs, INIusser and Krumbhaar’* 
showed that hemolysis began at 0.42% of sodium chloride and was 
complete at 0.31% of sodium chloride. More recently Kato’- stated 
that hemolysis began at 0.45% and was complete at 0.33%. Our 
data show the range to be from 0.44% to 0.30%. Blood samples, taken 
from animals which had had promin daily for 2 weeks, showed an 
increased resistance in that beginning hemolysis occurred at 0.40% 
sodium chloride concentration, and complete hemolysis at 0.20% con- 
centration. 

Summary and Conclusions. A study of the effects of promin (sodium 
p,p'-diaminodiplienylsulfone-N,N'-didextrose sulfonate), when given 
orally to guinea Jiigs, on er\’throcytes is reported. Five guinea pigs 
were given 100 mg. daily; five, 200 ing.; five, 300 mg.; and five served 
as controls. The following conclusions were drawn from the study: 

1 . Promin is a toxic drug and in large amounts may kill an animal. 
At the end of 3 weeks of daily administration, 2 animals were dead in 
the group which received 200 mg. daily, and 4 were dead in the group 
which received 300 mg. daily. 

2. Promin exerts a direct toxic effect on the erythrocytes, manifested 
by the presence of abnormal hemoglobin pigments in the ceils and i)y 
changes in the surface membranes, so that in fre.sh “cover slip” 
preparations many cells are crenated. 

3. Damaged erythrocytes are removed from the blood stream by 
the spleen. Anemia is induced, the spleens are greatly enlarged and 
percentages of reticulocytes are elevated. 

4. The anemia is a hemolytic anemia, although some of the features 
of familial hemolytic (spherocytic anemia) were not present. The 
erythrocyte volume was increased, spherocytosis was absent, and 
resistance to In-potonic salt solution was increased. 
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5. The blood and the spleens were excessively dark. Spectrophoto- 
metric analysis showed the presence in the erythrocytes of sulfhemo- 
globin, metliemoglobin and an additional unidentified pigment which 
had an absorption band intermediate between those of sulfhemoglobin 
and metliemoglobin. 

6. Promin did not induce any permanent damage of the bone mar- 
row. Regeneration of erythrocytes, indicated by reticulocytosis, macro- 
cytosis and polychromatophilia, proceeded in the face of continuous 
administration of large amounts of the drug. 

7. Morphologic changes, induced in erythrocytes in vivo by promin, 
may be observed in in vitro preparations as well. 

8. Although the drug is toxic, no permanent damage to any part of 
the organism was observed when sublethal doses were given. 
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FEBRILE REACTIONS RESULTING FROM THE READMINIS- 
TRATION OF SULFADIAZINE* 

By Timothy R. Talbot, Jr. 

MEUTENANT (j.G.)t M,C., U.S.N.R. 

AND 

John D. Adcock, M.D. 

assistant professor of internal medicine, university of MICHIGAN 
medical school, AkN arbor, MICHIGAN 

(From the Pennsylvania Hospital, Philadelphia, Pa.) 

It lias become an accepted fact that unfavorable reactions occur less 
trequeiitly in patients treated with sulfadiazine than in patients to 

pJ!, studies were undertaken when both authors were members of the staff of the 

1 ennsyivania Hospital, 
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^vhom sulfanilamide, sulfapyridine or siilfathiazole lias been given.*-*-''® 
It has also been established, hoii'ever, that tlie use of sulfadiazine is 
not -without danger, and that undesirable reactions may result from its 
use.*-®-*''-'-®-**-*®-*® ** *®-®'*--^ Several investigators have reported acquired 
sensitivity to the sulfonamide drugs.-*-*®-*--*^--*-----®--*-®® The term “ac- 
quired sensitivity,” as used here, is intended to imply a sensitivity 
resulting from either (a) prolonged continuous administration of one 
of the sulfonamide drugs, or (h) readministration of the same drug 
after an interval of time has elapsed. Lyons and Balberor*® state 
that the administration of a second course of siilfathiazole resulted in 
a febrile reaction in 36 % of their cases, whereas in those patients who 
received the drug in one continuous course which lasted for 7 or more 
days, the incidence of fever was 10.4%. They also state that no febrile 
reaction was seen in patients prior to the 9th day after the initial 
exposure to the drug. 

The observation of several patients who exliibited unfavorable reac- 
tions to sulfadiazine led us to make the following survey. In order 
that our data on sulfadiazine might be compared with the published 
data on siilfathiazole, we have in most respects followed the methods 
of Lyons and Balberor.*® 


T\BI.F. l.— Co.VDlTIONS FOR WHICH SuLF.^Dl.tZIXE WaS ADMINISTERED 
ThER I.PEUTICAI.I.V 


Condition 


No. of 
patients 


Lobar piieuinonia . 7 

Empyema tlioraois 1 

Bronchoptieumonia 1 

Lurk abscess 2 

Pneiimotiia due to B. airoaciirs 1 

Virus ptieumonia 1 

Iseliioreotal aliscoss 1 

Cystitis 1 

Stab wound of cliost I 

Infected index finder 1 

Ulcerative colitis 1 

Superficial infection of abdominal wound 1 

Chronic infection involviiiR chest wall . 1 


Totiil .20 

Material. Thirty-seven patients who liatl received one course of sulfa- 
diazine were given a second course. Of these, 20 had received the first course 
for therapeutic purposes (Table 1), and 17 patients were given a first course of 
.sulfadiazine for experimental purposes. The reasons for hospitalization of 
the latter group arc listed in T.able 2. 

Dosages. The dose of sulfadiazine used therapeutically in the group of 
20 patients varietl in the initial amount from 2 to 4 gm., followed Iw 1 gm. 
eveiy 4 to 0 hours throughout the first course. Each patient in the c.xiieri- 
mental group received an initial dose of 4 gm., followed by 1 gm. every 4 hours 
for G doses, then by 1 gm. ever}' G hours for 8 doses, or a total of IS gm. The 
amount of the drug used in the second course was the same for all patients 
as the first course given to the experimental group, except in those cases 
e.xhibiting a reaction. 

The mean duration of the first course in all jiatients was G.97 days, with a 
variation of from 2 to .30 days. The second course was started in from 8 to 
50 days (mean time 15.4 days) after the completion of the first course. No 
patient in the series had shown ci-idence of fever for at least 5 days prior to the 
commencement of the second course. 
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Table 2.— Conditions 


Affecting Those Patients Who Received 
FOB Expeeimbntae Ptjkposes 


Sulfadiazine 


Condition 

Syphilitic heart disease . . ■ 

Myocardial infarction 
Arteriosclerotic heart disease 
Hypertensive heart disease 
Cerebral liemorrhage 
"Saturday night palsy" . . • 

Dermatomyositis . . . • 

Minimal pulmonary tuberculosis 

Gastric ulcer 

Gastric hyperacidity . . . . 

Eczema . . • ■ 

Diagnosis not established 


No. of 
patients 

2 

2 

1 

1 

1 

1 

1 

4 

1 

■ 1 
1 
1 


Total . 


Table 3.— Patients Who Reacted to the 


Second Coubse 


OF Sulfadiazine 


Dura- 
tion Intcrral 

1st between Max. TotaUvhUc 



Reason for 

course 

courses 

temp. 



Psy- count during 

Remarks 

Case 

lal course 

(days) 

(days) 

yF.) 

Cliill 

Rash 

chosis 

reaction 

H.G. 

CyBtitis 

10 

12 

100.4 

+++ 

+ 

+++ 

10.600 

Toxic psychosis for 12 
hrs. 

K.S. 

Virus pneu- 

8 

10 

100.0 

0 

0 

++ 

Not done 

Severe delirium for 3 


monia 








to 4 hrs. 

L. A. 

Experimental 

3 

28 

100.0 

St. 

0 

0 

Not done 

Slight malaise 

L.C. 

Infected finger 

10 

11 

99.8 

0 

++ 

0 

Not done 

Reacted to: 1st course, 




102 0 

0 

+ 

0 

4,900 

2d course of 2 gm., 





100.0 

0 

0 

0 

Not done 

3d course of 0.25 gm., 

N.S. 

Ischiorectal 

18 

20 

102.8 

+++ 

+++ 

+++ 

5,8,60 

Delirium for 4 to 6 hrs. , 


abscess 



101.4 

++ 

-f 

+4- 

6,000 

reacted to: 1st course. 





101.2 

+ 

0 

+ 


2d course of 2 gm., 
3d course of 1 gm. 

R.L. 

Ulcerative 

10 

17 

ICO.O 

0 

+ 

0 

9,CC0 

Delirium for 4 to 6 hrs. 


colitis 



101.0 

0 

0 

0 

Not done 

reacted to:lst course, 


2d oDurse, did not re- 
act to 2 gm. of sulfa- 
nilamide or Bulfapy- 
ridine 

Studies. Blood sulfadiazine levels were determined on the 2d or 
3d days of both courses in most patients, and were consistently between 
0 and 14 mg. per 100 cc. If the duration of the treatment was longer 
than 4 days the determination was often repeated. Blood counts 
(hemoglobin and total white count) were taken on every patient before 
and after each course, and a differential count was done in most cases 
that showed a reaction of any type. The differential distribution was 
never altered from the normal, and the total white counts were not 
remarkable, as may be seen in Table 3. The urine of every patient 
was e-\amined at regular intervals, and nothing untoward was dis- 
covered in routine studies {i. e., no red cells, casts or albumin). Crys- 
tals of sulfadiazine were not infrequently seen in the urine specimens, 
hut no attempt was made to correlate their presence or absence with 
the occurrence of a febrile reaction. 

Criterion for Reaction to the Drag. Our arbitrary criterion for a 
significant reaction to sulfadiazine was a fever of at least 100° F. which 
could not be explained on the basis of any other mechanism. 
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The most frequent manifestations of a reaction were, in addition to 
fe^ er, chills or a sensation of chilliness, diffuse skin eruptions, severe 
malaise, and toxic psychoses. These signs and s^miptoms all appeared, 
as a rule, within a few hours after the onset of the second course, and 
always appeared within 24 hours of that time. The administration of 
the drug was stopped as soon as fever became manifest or when any 
other evidence heralded a reaction. 

Eesults. Of 37 patients who were given a second course of sulfa- 
diazine, 6 (16.29c) had fever during the second course, 3 (S.1%) 
reacted to both the first and second courses, and 3 (8.1%) reacted to 
only the second course. Four had a diffuse maculopapular eruption, 
and all had either frank chills or chilly sensations. 

A third course was given to 2 of the patients (L. C. and X. S., 
Table 3) Avho had reacted to the second course. The reaction was 
reproduced w'itli each course. 

One patient (R. L.. Table 3) who reacted to the first course had 
recei^•ed sulfathiazole immediateh' prior to the sulfadiazine, and he 
reacted to the latter on the 9th day of its administration. He subse- 
quently failed to react to sulfapyridine, or sulfanilamide, but did 
respond again to sulfadiazine. Ajiother patient (X. S.) had fever, 
rash, and delirium 3 days after the cessation of the first course. 21 days 
after its beginning. He subsequenth' reacted to a second and third 
course. Four patients (R. L., R. S.. X". S. and H. G.) had delirium 
which was far out of proportion to the amoimt of fever. 

Once a reaction had occurred the fever persisted for periods which 
^•a^ied from 12 to 48 hours. 

Comment. It is well known that toxic reactions to the sulfonamides 
are most likely to occur in tliose cases to whom the drug has been 
administered continuously for periods of 9 or more days, or to whom 
the drug is readministered after an interval of several days.'” 

In order to determine with the greatest significance tlie effects of 
readministration, one would wish to know’ tlie incidence of reactions 
in tlie aggregate of the patients who received the drug for at least 
9 or more days. The incidence of fever in response to sulfadiazine 
therapy is reported as 3 ISc'.’" as apparently very rare:*” 
1.6%;” 0.2%;” and 0.5%:” or an average of about 1.5%. One may 
assume that most of these cases received the drug for less than 1 week, 
and can only reiterate the statement that the less prolonged courses 
are less likely to yield reactions. 

In our series, 10 cases received a first course of sulfadiazine which 
was 10 or more days in length, and 3 (30%) had a reaction to the first 
course. The mean length of the first course in these patients was 
14,2 days, w'ith extremes of 10 and 30 days. Two of the 3 patients 
who reacted to only the second comrse had received a first course which 
was longer than 8 days. These facts are admittedly not of sufficient 
scope for significant statistical analysis, altliough they prompt the 
suggestion that febrile reactions are more likely to occur in patients re- 
ceiving prolonged courses of sulfadiazine tlian is at present appreciated. 

Lyons and Balberor noted a much higher incidence of febrile reac- 
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tions to the readministration of sulfatliiazole than to the administra- 
tion of the first course. They attributed this increase to the develop- 
ment of hypersensitivity to the drug during the interval. The same 
thing is true, but to a lesser degree, in our series of sulfadiazine read- 
ministration, particularly among those patients who received the drug 
initially for short periods. We do not feel that there is sufiicient 
evidence, however, that the development of sensitization is enhanced 
by an interval between courses in contrast to the continuous prolonged 
administration of the sulfadiazine. We have nothing new to add to 
the theories of the mechanism of the reactions to sulfonamides which 
have been discussed in recent publications.^ 

This study indicates that reactions to sulfadiazine are less severe 
than those reported for sulfathiazole. One feature of the reactions 
to sulfadiazine which was of particular interest was the occurrence of 
severe delirium in 4 cases. It usually lasted only a few hours but was 
out of all proportion to the amount of fever present. We cannot be 
certain that these febrile reactions are, in themselves, productive of 
permanent injury. Nevertheless, it is clear that until evidence is 
presented which shows definitely that they are not harmful, this drug, 
as well as other sulfonamide compounds, should be used with increasing 
discretion and caution. 

Summary. 1. Six of .37 patients (16.2%) experienced a febrile 
reaction to sulfadiazine. Three (8.1%) experienced a febrile reaction 
to both the first and second courses and 3 (8.1 %) to the second course. 

2. Pebrile reactions to a second administration of sulfadiazine are 
less frequent and less severe than those reported for sulfathiazole. 

3. Febrile reactions to the readministration of sulfadiazine are fre- 
quently accompanied by delirium, chill, and a maculopapular rash. 

4. Sulfadiazine, as well as the other commonly used sulfonamides, 
should be given only in those cases which with certainty justify its 
administration, although no evidence is presented to show that the 
febrile response per se is harmful. 

We wish to express our thanks to Miss Harriett Hosmer, R.N., for her willing and 
careful assistance with this work; and to Dr. L. S. Carej% Dr. John B. Flick and Dr. 
Walter E. Lee, for their permission to study patients who were on their services at the 
Pennsylvania Hospital. 
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In a recent paper^ we reviewed the experimental data pertaining to 
the therapeutic activity, pharmacologic behaidor, and toxicity of 
sulfamerazine (2-sulfanilamido-4-methyl-pyrimidine, sulfamethyldia- 
zine), and presented observations on the absorption, distribution, and 
excretion of the drug in man. The purpose of this communication is 
to discuss certain toxic effects ivhich have been encountered following 
the clinical use of sulfamerazinej in the treatment of several types of 
infection. 

Clinical Material and Methods. Included in this study are the first 200 
imselected patientsf who were treated with sulfamerazine for at least 4 days, 
or received no less than 10 gin. of the drug. For the most part the 3 ’^ included 
adult patients suffering with acute infection, such as pneumococcal pneuinonia, 
the bacterial meningitides, gonococcal urethritis, and non-specific urinary 
tract infections. In general, the drug was given orallj', with an initial dose of 
3 gm., followed bj' 1 gm. every 6 to 8 hours until the temperature had remained 
normal for 48 to 72 hours. In severe infections, such as meningitis, the initial 

* This work was aided by a grant from the Sharp & Dohme Laboratories, Glen- 
olden, Pa. 

t Sharp & Dohme Laboratories, Glenoldcn, Pa., kindly supplied the sulfamerazine 
used in this study. 

t These cases were treated at the Hospitals of the University of Pennsylvania and the 
Philadelphia General Hospital and will be included in future reports dealing with the 
therapeutic effectiveness of sulfamerazine. 
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dose of 3 gm. was usually administered by vein (sulfamerazine sodium) and 
followed by 1 gm. by mouth eveiy 4 hours. Patients vdth urinary tract infec- 
tions received 2 gm. of the drug daily at 12 hour intervals in equally dnuded 
doses. The range of dosage in the entire series was from 10 to 114 gm., given 
over periods varying from 4 to 24 da 5 '^s. With the exception of 10 cases of 
gonococcal urethritis, all of the patients were hospitalized and were closely 
followed with appropriate laboratory studies. Fluids were given liberally, 
usually from 2000 to 3000 cc. a day, but none of the patients received alkalies. 

Toxic Manifestations. A summary of the various toxic manifesta- 
tions encountered in 200 patients receiving sulfamerazine is given in 
Table 1. Toxic reactions, attributable to the drug, excluding simple 
crystalluria, were noted in 30 patients (15%). 

Table 1.— Summary of Toxic Manifestations Occurring During Treatment 
With Sulfamerazine (200 Cases) 


No. of 


Toxic effect 

cases 

% 

Hematuria;* 

Microscopic 

. . 16 

10 0 

Gross 

. . 2 (l)t 

1.3 

Acute loin pain .... 

. . 1 

0 5 

Nausea and vomiting . 

. . S (l)t 

4 0 

Rash 

. . 6 

3 0 

Fever 

. . 5 

2 5 

Leukopenia 

. . 4 (l)t 

2 0 

Thrombocytopenia 

. . It 

0 5 

Psychosis 

. , 2 

1 0 


* On the basis of 160 cases (40 urologic patients were excluded) . 
t Massive dosage (Table 3). 

Urinary Tract ConiiMcaiions. Clinical experience with the sulfona- 
mides, excepting sulfanilamide, has shown that the toxic effects involv- 
ing the urinary tract, namely hematuria, suppression of urinary out- 
put and renal colic, represent the most significant untoward manifesta- 
tions. These complications are related to solubility of the drugs, 
especially the acetyl derivatives. Because of the relatively greater 
solubility of both sulfamerazine and acetylsulfamerazine in urine,^ as 
compared to the sulfonamides now^ in common use, one might expect 
to encounter less urinary tract toxicity with this compound. In this 
series of cases crystalluria was observed in 36 patients (18%); but we 
have not considered the presence of crystalluria as evidence of urinary 
tract involvement unless it was associated with other urinary compli- 
cations. No doubt additional cases of crystalluria would have been 
detected if e^’ery specimen of urine voided during each 24 hour period 
had been examined. 

hlicroscopic hematuria, as evidenced by the finding of red blood 
cells in a single specimen, was encountered in 10% of the patients. 
Although we have attributed this urinary abnormality to sulfamerazine, 
it should be stressed that in many instances the patient’s disease might 
well explain these findings when one considers the type of infections 
under treatment. Four of the cases in this sub-group showed occasional 
crystals of the drug in the urine. 

Gross hematuria was observed in 2 patients; and in 1 of these acute 
lom pain was also present. Because of the importance of these un- 
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toward reactions, a few remarks concerning the salient features of 
both cases are worthy of special comment. 

Case Studies. Case 1 (Table 2). A. W., a white woman, aged 18, was 
treated in a routine manner -with sulfamerazine for meningococcal meningitis. 
The patient responded well to chemotherapy and her illness was uneventful 
until the 14th day of treatment, at which time she suddenly experienced a 
sharp pain in the right loin region. Following this attack, which lasted 
approximately 20 minutes, the patient was catheterized and a sample of urine 
from the bladder contained many crj'stals of the drug and innumerable red 
blood cells. At no time after the attack did the patient offer an}' sjmiptoms or 
laboratorj' erddence of anj' urinar}' tract disturbance. As indicated, the urin- 
ary output was 1300 cc., or better, for the 24 hour periods preceding, the daj’ 
of, and following the apparent ureteral blockage. The serum drug levels, 
taken several hours before the attack, were not excessive and, although the 
degree of acetylation was higher than is usuaUj' seen with sulfamerazine,^ it 
was in keeping ndth premous readings in this case. A total of 77 gm. of the 
drug had been given before the onset of the urinary toxic reaction, after which 
the drug was discontinued. 


Table 2. — Acute Loin Pain and Gross Hematuria 

Case 1. -A. W., a white Moman, aged IS. Type I menmgococcic meningitis Mitli 
bacteremia successfully treated with sulfamerazine 
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• Intravenous adrmmstralion (5% sulfameraime sodium). 


Case 2 (Table 3). R. S., a white male, aged 30, was given a massive dose of 
sulfamerazine for subacute bacterial endocarditis. During the first 3 da 5 's of 
chemotherapy the patient received a total of 14 gm. of the drug with no 
apparent untoward effect. On the morning of the 4th day he was given 25 gm. 
(sulfamerazine sodium) by vein over a 30 minute period. A free drug level 
taken 1 hour after the infusion was 106 mg. per 100 cc. of serum. The first 
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Intravenous administration (5% sulfamerannc Bodmm). 

Olio houi after infusion. 

Normal platelet count 1 week later. 

Days 2-1 and 28 are omitted ns they offered no sicmfioant data. 
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voided specimen of urine follouing the massive dose of sulfamerizine showed 
manj-^ crj'stals of the drug and innumerable red blood cells. For the ne.xt 
48 hours the urine sediment continued to show microscopic crj'stalluria and 
hematuria. This patient probably suffered a partial suppression of urinarj- 
output, in that, although his urinarj'- output was never less than 800 cc., the 
diuresis to be e.xpected from his large intake did not occur until the 5th day 
following his acute episode, when he excreted 4430 cc. of urine. As indicated, 
the patient was again given sulfamerazine b}' mouth unth no further urinary 
disturbances. 

In a further attempt to detect any harmful effect of sulfamerizine on the 
Iddnej’, sections of the kidneys from 5 patients who had died of their disease 
(including the above patient, R. S.), were examined; no renal damage was 
found which could be attributed to the drug. 

Nmisea and Vomiting. Eight patients (4%) experienced some 
degree of nausea and vomiting during tlie administration of sulfa- 
merazine. Of these, 6 were cases of meningitis and, although the drug 
was continued, the vomiting gradually subsided. These cases are 
included in spite of the fact that the vomiting was probably due to 
the meningitis. The 7th represented a patient suffering with sub- 
acute bacterial endocarditis who had previoush' received sulfadiazine 
with severe nausea and vomiting and, following 12 gm. of sulfamerazine, 
it was also necessary to stop the drug because of this toxic effect. 
The other instance of ^'omiting occurred in a man with subacute bac- 
terial endocarditis who was given massive sulfamerazine therapy 
(Tables). 

Dermatitis. Skin rashes, attributable to sulfamerazine, were en- 
countered in 6 (3 %) patients. The rash was scarlatiniform in 1 case 
and morbilliform or maculopapular in the others. In 1 of the patients 
the rash appeared on the 20th day, after 113 gm. of the drug had been 
gi^’en. Sidfamerazine was stopped and the rash rapidly disappeared, 
only to reappear when the drug was again started, and at this time it 
was accompanied by an elevation in temperature of 105° P. The 
patient subsequently was given sulfadiazine and developed a rash after 
2 weeks’ medication. In the other cases the rash appeared on the 
4th, 5th, 9th and 10th days of treatment. 

Fever. Although it is often difficult to determine whether an eleva- 
tion in temperature abo^ e normal is due to the drug or the infection, 
we have made the diagnosis of drug fever in 5 (2.5%) patients. The 
fever in these cases was encountered on the 7th, Sth, 10th, 14th, and 
40th day of sulfamerazine therapy, respectively. In 2 of the patients 
the expected fall in temperature was somewhat slower following the 
withdrawal of the drug than one usually sees in cases with drug fever. 

Blood Disturbances. Four patients developed leukopenia (less than 
4000 leukocjTes per c.mm.) on the 6th, Sth, 9th, and 12th day of sulfa- 
merazine tlierapy. In 3 the total white blood count soon returned 
to within normal limits after the withdrawal of the drug. The fourth 
patient (Table 3) had, in addition to this finding, thrombocytopenia and 
a fall of neutrophils to 250 per c.mm. A biopsy revealed a generalized 
hj-poplasia of the bone marrow. Within 2 weeks, following repeated 
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blood transfusions, the peripheral blood picture returned to normal. 
There were no cases of acute hemolytic anemia or agranulocytosis. 

Nervous and Menial Manifestations. In view of past clinical experi- 
ence with the sulfonamides containing a methyl group" (sulfamethjd- 
tliiazole, sulfanilyl dimethyl-sulfanilamide), one could presume that 
siilfamerazine might possibly give rise to certain neuropathologic 
changes. Welch and his associates,^ working with several species of 
experimental animals, have given particular attention to this matter. 
It was found that dogs or monkeys, given large doses of siilfamerazine 
over 30 day periods, showed no eiddence of nerve injury; but chickens 
with high blood concentrations of the drug developed definite nerve 
lesions, although the changes were no greater than those resulting 
from lower blood levels of sulfadiazine in the same species. 

No case of peripheral neuritis was observed in this study. Two 
patients presented mental symptoms while receiving sulfamerazine, 
which were possibly due to the drug. The first, a moderately ill pneu- 
monia patient, became disoriented and quite violent on the 3d day of 
treatment. The mental symptoms subsided promptly after the drug 
was stopped. The second patient, a chronic alcoholic, confused on 
admission, became progressively worse mentally during the time sulfa- 
merazine was given, but, because of the seriousness of his illness, chemo- 
therapy was continued for 5 days and the mental changes cleared 
while the drug was being administered. Not included in Table 1 is a 
young girl who was given 15 gm. of sulfamerazine sodium intravenously^ 
and following this injection experienced generalized twitchings of the 
body, simulating an attack of tetany. This phenomenon was inter- 
preted as probably due to a “tubing” reaction, but may have been 
the result of sulfamerazine intoxication. 

Summary and Conclusions. 1. Sulfamerazine was given to 200 un- 
selected patients suffering with acute bacterial infections. 

2. Toxic reactions possibly due to the drug appeared in 30 instances 
(15%), though in many of these instances it was not possible to deter- 
mine whether they were due to the disease or to the drug itself. 

3. Gross hematuria was observed in a single case receiving routine 
sulfamerazine treatment and 1 additional case receiving massive intra- 
venous therapy. 

4. No case of peripheral neuritis was seen, although 2 patients 
developed transient mental symptoms following sulfamerazine therapy. 

5. On the basis of this short series, it appears that sulfamerazine is 
probably no more toxic than the sulfonamides now in common use^ 
and that further clinical trial is justified. 
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In the course of a recent study of tlie metabolism and storage of 
members of the vitamin B complex in patients subjected to surgical 
procedures, it became necessary to determine their urinary excretion 
of riboflavin and thiamin. These determinations early suggested that 
the administration of thiamin alone vas folloived in some instances 
by an increased urinary excretion of riboflavin. Therefore, it appeared 
of interest to ini'estigate this phenomenon further and to determine 
whether or not the administration of large amounts of thiamin to 
human beings over a long period of time eventually would induce 
clinical evidence of riboflavin deficiency. The results of that study 
form the subject of the present report. 

Methods. Thiamin. The yeast fermentation method of Scliultz, Atkin 
and Frey® was used. Determinations were made on aliquots of 1, 3, 24, or 
72-hour specimens which had been acidified with glacial acetic acid and kept 
at 10° C. or less in a dark ice chest. 

Riboflavin. The detenninations were done by the technique of Ferrebee.' 
The urines were collected in the same manner as were those for the determina- 
tion of thiamin. In certain instances, the microbiologie method of Snell and 
Strong' was used to check the values obtained by the fluorescence technique 
of Ferrebee.' 

Tests of Body Saturation of Thiamin and of Riboflavin. The methods used 
to ascertain thiamin and riboflavin saturation in the body were those of Holt 
and Najjar Both these tests measure the portion of administered vitamin 
retained by the body under controlled conditions. 

Diets. All short time e.xperiments (in which measurements were carried 
out OA^er a period of a feiv hours) were done in fasting subjects. The subjects 
who were studied over a period of several days took 2 types of diets; (a) Those 
individuals who were not hospitalized continued to eat a nonnal diet with the 
following exceptions— no synthetic vitamins, medications, alcohol, beer, or 
glandular meats. Their meat and milk intake from day to day was relatively 
con.stant. (b) The remaining subjects wlio were hospitalized were given a 
diet in which the protein, carbohydrate, and fat intakes were constant. Intake 
of medications, alcohol, vitamins and glandular meats likewise was restricted. 

Clinical Material. The clinical material consisted of the following groups; 
A. Three hospitalized patients were used in the thiamin tolerance experi- 
ments.' One had melanoma with extensive metastases; the second had uterine 
fibroids; and the third, carcinoma of the rectiun. 

B. The effect of large amounts of thiamin given dailj' for from 2 to 67 days 
was ascertained on 13 individuals. Of these, 8 were normal, and the remainder 

* The authors erateiuWy .icknowledge the grants from Standard Brands, Inc., and 
from the Jane CofSn Childs Memorial Fund for Medical Research. 
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were hospitalized patients who presented the following disorders: 1 , d 3 ’^sinenor- 
rhea of unknown cause; 1, atrophic gastritis; 2, hepatic cirrhosis; and i, Paget’s 
disease of bone. 

Of this group, 6 of the 8 normal individuals were later given larger amounts 
of thiamin, and for a longer period of time, in an attempt to induce in them a 
ribofla^^n deficiency. 

C. The last group consisted of 4 individuals who received several injections 
of thiamin over a period of 4 hours onlj^ One individual was normal, the 
second had carcinoma of the breast with extensive metastases, the third 
Ijmiphatic leukemia, and the fourth had melanoma with distal metastases. 

Kesults. A. Eximimenis io Test the Effects of the Administration of 
'Thiamin on the Excretion of Riboflavin over a Period of Ji Hours. The 
thiamin tolerance test of Holt and Najjar^ was carried out in 3 indi- 
viduals. This test was repeated in 2. The content both of thiamin 
and of riboflavin was determined in each urine specimen. These meas- 
urements indicated that, in all instances, the injection of thiamin alone 
was followed by an increased excretion of both thiamin and riboflavin. 
Moreover, the increased excretion of ribofla\-in was inrlependent of 
the urine volume (Table 1). 

Table I. —The UniNARy Excretion or Ribopi.avin After the Injection 

OF 1 Mg. of Thiamin 



Fasting output* 

0-j hr. 

1-1 hr. 

1- 

■2 hrs. 

2- 

3 hr.s. 


After thiamin administration 



Subject 

Mg./inl. 

Mg./br. 

Mg./ml. Mg/j hr. 

Mg./ml. Mg./t hr. 

Mg./ml. 

Mg./hr. 

Mg./ml. 

Mg/hT. 

E. T. 

0.13 

13 

0.48 30 

0.09 o 

0.03 

0 

0.11 

12 0 


0.30 

15 

0.37 34 

0.30 8 

0.07 

11 

0,10 

14.0 

31. U. 

0.12 

9 

0.34 21 

0.18 7 

0.00 

12 

0.0.1 

19.0 


0.20 

S 

0.28 12 

0.37 9 

O.IO 

10 

0.05 

14.0 

V. s. 

0.33 

l.'i 

0.G3 If) 

0.40 7 

0..'>0 

9 

0,.'>0 

7.5 


* 1.") liouis after the last meal. 


Since the “riboflavin” excreted was measured by a fluorescence 
method,’ it was possible that the parenteral administration of thiamin 
was followed by an increased excretion of material which had the 
fluorescent property of riboflavin, but nevertheless was not that vita- 
min. It was necessary, therefore, to demonstrate that this fluorescent 
material actually- was riboflai’in, and not some degradation product of 
thiamin. The fluorescent properties of thiamin itself are very much 
different from those of ribofla\'in.^ To date, the onlj- metabolic product 
of thiamin known to appear in the urine is a pyrimidine comjiound 
which has the ability to accelerate yeast fermentation.- " 

Accordingl,v, large amounts of this pyrimidine accelerator of yeast fer- 
mentation (2-methyl-5-methoxyethyl-G-annnop3'rimidine) were adiled 
to urine samples whose “riboflavin” fluorescenee was known; this 
addition did not effect the amount of fluorescence observed. 

ff'here still remained, the possibilitv, liowei er, that tlie parenteral 
administration of thiamin re.sulted in the e.xeretion of another but 
unknown fluore.seent metabolite of thiamin or of a material not related 
to that vitamin and also not related to riboflavin. For this rea.-^on, 
measurements of riboflavin in urine specimens of indi\iduals who 
received thiamin were made both by the fluorescenee technujue of 
I'errebee’ and by the mierobiologie methoil of .‘4nell and Strong.* d’he 
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results of all determinations were in good agreement. It was evident, 
therefore, that the administration of thiamin to these subjects was 
followed by an increased excretion of a substance which had at least 
two properties of riboflavin: its fluorescent characteristics and its 
ability to accelerate the growth of Lactobacilli casei (Table 2). 

T.4BLE 2. — Effect on the Excretion of Riboflavin After the Administration 
OF 1 Mg. of Thiamin to Sdbject F. S. Comp.abison of Results 
Obtained by Different Methods 

Determination by 


Fluorescence Microbiologic 

technique, technique, 

rag./ml. mg. /ml. 

Fasting level 0.33 0.25 

0- ^ hr 0 63 0 63 

M hr . 0.46 0 45 

1- 2 hrs 0 50 0 45 


B. Experiments to Test the Effect of the Daily Administration of 
Thiamin on the Excretion of Riboflavin. Since an increased excretion of 
riboflavin followed the injection of as little as 1 mg. of thiamin, it 
seemed possible that the urinar\’ excretion of riboflai'in after the daily 
administration of large amounts of thiamin might induce a serious loss 
of riboflavin. To test this possibility, 13 subjects were studied. The 
excretion of riboflavin in the urine of these individuals was measured 
each day during a control period of from 3 to 7 days. At the end of these 
periods, each indii’idual was given thiamin chloride in amounts from 
10 to SO mg. per day and measurements of the excretion of riboflavin 
were continued. An increased riboflai’in output ivas considered sig- 
nificant when: 1, an increased concentration as well as an increased 
total amount was excreted; 2, the increase was at least 40% above the 
average control \-alue; and 3, the increase persisted for more than one 
24-hour period. 

The results obtained in these individuals were less consistent than 
were tliose of the short experunents previously described. Four of the 
13 subjects took a constant diet, while the others were allowed to con- 
tinue their routine work and diet under the conditions previously 
described. Of the 13 subjects given thiamin, S e.xcreted temporarily 
increased amounts of riboflavin. The remaining 5 did not excrete 
significantly increased amounts; 4 of these were normal individuals 
and the fifth was a patient with cirrhosis of the liver. 

The results obtained indicate that the maximum increase in total 
excretion of riboflai'in in those 8 instances in which an increase was 
observed, varied from 40% to 560% and the average increase of this 
group was 225%. The increase in the concentration of riboflavin 
varied from 43% to 520%, and the average was 180%. Xo individual 
maintained the inereased excretion for more than S days rlespite con- 
tinued administration of thiamin. 

An increased amount of thiamin was given to 3 normal subjects 
after the first period of increased riboflavin e.xcretion was over. In all, 
a second but smaller increased excretion of riboflavin followed the 
augmented thiamin administration. In 2, a further increase in the 
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amount of thiamin ivas followed by a third period of increased excretion 
of riboflavin. On the other hand, in 2 other subjects in whom no initial 
increased excretion of riboflavin had been noted after the first admin- 
istration of thiamin, no increased excretion could be induced by giving 
even larger amounts of thiamin. Maii}'^ of the determinations of ribo- 
flavin in the urines of this group of subjects were made both by the 
fluorescent method of Ferrebee* and by the microbiologic method of 
Snell and Strong.’ The values obtained bj^ both methods checked 
well (Table 4). 


Table 3.— Effect of the Daily Administration of Thiamin on the 
Excretion of Riboflavin 

Amount of thiamin Vo increase in excrc- 

Average daily administered tion of ribofla\-in 

rilwflavin excretion parcntcrally Maximum excretion after administration 

Duration during control . * of riboflavin after Duration of thiamin 



of 

period 

Average 

Duration 

thin 

.min 

of 

,, 




control 



dail.v 

of admin- 



increased 


Total 







■Subject 

period, 


Mg./21 

dose. 

istration. 


Mg./24 

excretion. 

Concen- 

excretion 

days 

Mg/mi. 

hrs. 

mg. 

days 

Mg./ml. 

hrs. 

days 

tration 

per day 

A.T. 

3 

0.18 

400 

10 

3 

0.35 

1100 

3 

95 

170 

M. Z. 

3 

0.3.5 

480 

40 

2 

0.50 

900 

2 

43 

88 

E. II. 

4 

0.25 

400 

30 

2 

0.50 

I GOO 

3 

100 

300 

N. N. 

0 

1.00 

1200 

30 

53 

2.30 

2900 

7 

130 

140 

M. P. 

G 

0.34 

320 

35 

f>7 

0.42 

450 

0 

23 

40 

G. F. 

6 

1.30 

1200 

40 

7 

1.50 

1300 

0 

15 

8 

.1. J. 

5 

0.75 

900 

20 

10 

0.70 

1200 

0 

0 

33 

R. H. 

5 

0.40 

600 

50 

41 

2.50 

4000 

7 

620 

560 

R. M. 

4 

0.32 

900 

30 

2 

0..37 

900 

0 

16 

0 

F. B. 

4 

0.47 

375 

50 

17 

0.72 

5G0 

7 

52 

49 

H. F. 

8 

0.19 

340 

80 

13 

0.25 

480 

1 

31 

41 

M. H. 

5 

0.18 

210 

50 

07 

0.75 

800 

8 

320 

270 

E. B. 

3 

0.18 

550 

20* 

7 

0.35 

900 

7 

190 

160 


* By mouth. 

Table 4.— Comparison of Values Obtained by Different Methods During 
THE Period in Increased Excretion of Riboflavin After the 
Administration of Thiamin 

Determination by 

Fluorescence Alicrobiologic 

technique, technique, 


Subject mg./ml. mg./ml. 

1 0,76 0,72 

2 0,68 0 65 

3 0 68 0 66 


C. Experi.menfs to Test the Possibility that the Daily Administration 
of iMiye Avwniits of Thiamin Might Deplete the Body Stores of Riboflavin. 
Since the administration of thiamin was followed iiy an increased 
excretion of riboflavin in 8 of 13 subjects studied, it seemed possible 
that continued administration of thiamin eventually might deplete the 
body stores of riboflavin and produce clinical evidence of a deficiency 
of that vitamin. This deficiency might be manifest also by a continued 
decrease in .the amount of riboflavin excreted, and in' an abnormal 
retention of riboflavin when that vitamin was administered (the ribo- 
flavin tolerance test of Holt and Najjar®). 

To study this possibility, 6 normal individuals were given parenter- 
ally from 30 to 60 mg. of thiamin chloride per day for from 1 1 to 73 
days. At the end of these studies none of the subjects had developed 
clinical signs of riboflavin deficiency. Only 1 excreted le.ss riboflavin 
than he did during periods before the administration of thiamin. The 
other 5 subjects excreted amounts of riboflavin similar to those during 
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the control period. None of the 6 showed any increased retention of 
ribofla^•in as determined by the riboflavin tolerance test (Table 5). 

B. Experiments to Test the Effect on the Excretion of Riboflavin of 
MnItipJe Small Doses of Thiamin Over a Short Period of Time. It has 
been shown in a previous section of this communication that an 
increased output of riboflavin followed within a few hours the injection 
of 1 mg. of thiamin to fasting subjects. On the other hand, when 
thiamin was administered dail,y over a period of se\-eral days, no sus- 
tained, increased riboflavin excretion followed. Plence, it appeared 
desirable to ascertain the effect on the e.xcretion of ribofla\-in of multiple 
1 mg. doses of thiamin given at intervals of from 30 to 60 minutes. 

Table 5. — Effect of the Daiia Administration of Thiamin Over a Prolonged 
Period of Time on the Excretion of Riboflavin in the Urine 

Amount of thnmin 
admini‘itered 



Duration 

A\ erage excretion 
of riboflavin dur- 
ing control period 

parenteralb 

A\erage Duration 

A\ erage excretion 
of nbofiaMn at 
end of experiment 

% retention 
of test dose 

Subject 

of control 
period, 

Alg /ml. 

lAfg /24 ' 
hr? 

daili 

dose, 

mg. 

of ndmin- 
i‘?tration, 
da\s 

Mg /ml 

Mg /24 ' 

hrs. 

of nbofla% in 
at end of 
experiment 

N. N. 

6 

1 00 

1200 

30 

68 

0 SO 

1200 

5S 

AI. P. 

6 

0 34 

320 

35 

73 

0 34 

312 

50 

R.H. 

5 

0 40 

600 

50 

42 

0 70 

970 

40 

AI. H. 

5 

0 18 

210 

50 

72 

0 13 

ISO 

64 

F B. 

4 

0 35 

540 

60 

IS 

0 28 

470 

46 

H. F. 

S 

0 23 

408 

60 

U 

0.15 

220 

4S 


jMeasuremeuts of ribofla\dn excretion were made in the urine speci- 
mens collected each hour from 4 individuals who received 1 mg. of 
thiamin every 30 or 60 minutes for from 4 to 5 doses. In 2 of the 4 
subjects an increased excretion of ribofla\’in occurred. In one this 
increase persisted for only 2 hours, whereas in the otljer the increased 
riboflavin output was maintained for the duration of the experiment. 

This increased e.xcretion of riboflavin in 2 of the 4 subjects compares 
well with the incidence in which the phenomena was noted in the 
13 individuals given thiamin over long periods of time. 

Discussion. From the data presented it would appear that in 
certain persons a relationship exists between tlie thiamin intake and 
riboflavin excretion. The existence of a relationship between these 
2 vitamins already has been demonstrated in experimental animals. 
The transient mobilization of riboflavin from the tissues into the liver 
of thiamin deficient rats has been found to be considerably impaired, 
but that metabolic defect can be corrected when adequate thiamin 
supplements are administered.® 

It is possible, therefore, that the administration of large amounts of 
thiamin to the subjects included in the present study might ha\’e 
initiated a similar transfer of riboflavin from the tissues into the liver, 
and in the course of that shift a portion of the compound was spilled 
into the urine. Evidently, the magnitude of this loss was not great 
enough to produce any clinical evidence of riboflavin deficiency nor 
could a deficiency of that vitamin be detected by the tolerance test 
used in this investigation.® 

Recent studies have demonstrated*® that rats whose diets were free 
of all members of the vitamin B complex except for small amounts of 
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riboflavin (2 ixg. per day) gained weight at a slower rate and had a 
higher incidence of mortality when large supplements of thiamin were 
fed. However, these effects of thiamin were not noted when the ribo- 
flavin supplement was increased to 10 yug. per day. 

Clinical evidence of interrelationship between members of the 
vitamin B complex have been noted by others. Sydenstricker called 
attention to the fact that the administration of single B vitamins will 
stimulate the appearance of ' lesions commonly associated with a 
deficiency state of other members of the B complex.® However, it 
would appear from the present stud.y that a deficiency of riboflavin 
could not be induced readil^^ in individuals who probably were not 
deficient in vitamins B bj"^ the long continued administration of 
thiamin. 

Summary. 1. The administration of thiamin to human beings in 
many instances is followed by transitory increased excretion of ribo- 
flavin in the urine. No axplanation for the relationship is at hand. 

2. It has not been possible to induce either clinical or chemical 
evidence of riboflavin deficiency in these individuals by the daily 
administration of large amounts of thiamin for as long as 7.3 days. 
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THE CHILD IN WAR 

Br Iri’ing J. Wolman, JM.D. 

Evera' environmental change has its reflection on the child living 
within that environment. There is hardly a child on the face of the globe 
whose life is not being altered in some way by the current war. To a 
greater or less degree each must contend with shortages of food and other 
necessities, infectious agents on the move, abnormal emotional experiences, 
altered home conditions and family relationships, and all kindsof deviations 
from a peaceful normal pattern of living. The modern pediatrician cannot 
escape becoming concerned over the expected harmful effects of this war 
upon the children now enduring its hardships, and so quite naturally he 
turns back to the records of the last great war to discover what general 
trends and principles were noted by the child specialists of 24 decades ago. 

The medical papers published during World War I and afterwards fail 
to reconstruct the full picture of the War’s effects upon the European 
child. Scientific studies on health and growth are surprisingly limited in 
numbers, and most seem incomplete and inadequate when judged by 
current standards of scholarship. For example, there are many refer- 
ences to such disorders of malnutrition as rickets, but the diagnostic 
criteria and the presentation of control statistics are as a rule not pub- 
lished. And few of the studies contain the complete body of data or 
ei-en a representative fraction, so that the reader may judge for him- 
self the validity of the author’s conclusions. Of course, inside of com- 
bat zones and occupied territory the military exigencies may block all 
opportunities for the collection of good scientific records, and statistics 
on mortality and morbidity in populations churned up by war are subject 
to suspicion as to completeness and reliability. Even in less violently 
disturbed areas most doctors are too occupied with more pressing and 
urgent tasks to note dorni in quantitative terms the full mass of their 
observations. Furthermore at the time of the last war much of the present 
understanding of Autamins and nutritional requirements was perhaps 
dreamed of but otherAAuse absent, and the fundamental standards by which 
we try to evaluate growth and nutrition Avere still in the nursery stage of 
development. Together with these limitations of the pediatric history of 
World War I, no medical scholar has attempted an exhaustive detailed 
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compilation and interpretation of original source material. The closest 
approach to this ideal treatise are some of the chapters in the monographs 
on public health during the war sponsored by the Carnegie Endo^^^nent 
for International Peace. The volumes from Germany” and from Austria 
Hungary® are richer in pertinent information than those from France-* 
and Italy but unfortunately'- the contributing authorities have as a rule 
neglected to annotate their generalizations and impressions with references 
or footnotes. 

For the present review, the aim has been, not to compile any sort of 
comprehensive compendium, critical or uncritical, but rather to summarize 
briefly a few of the more objective and scientific reported contributions. 
The effort was made to restrict the selected papers to those dealing with 
child health and growth. The topics of nutrition, feeding and epidemi- 
ology, about which much can be found, are merely touched upon. The 
latter part of this review describes a few important reports from the 
present war. One cannot but hope that those medical workers in the 
child health field on the other side of the water will continue to collect 
and record significant observations with equal assiduity and under cir- 
cumstances as similar as possible to those of the pre-war period, so that 
later on it will be possible to draw comparisons between the contempor- 
ary child’s wartime status and that of peacetime y^ears. 

The Effect of Malnutrition Upon Intelligence and Behavior. One of 
the best studies made in this field was that of Blanton,® who studied the 
entire school population of a German city near the war zone. While 
stationed at Tiler (population 55,000) with the American Army of Occupa- 
tion, he made a psychiatric survey of some 6500 school children, ranging 
from 5| to 14 y^ears of age. The food blockade had not ymt been lifted and 
hunger and malnutrition were still widespread. In March 1915 the 
German Government had taken control of tlie nation’s grain supply, and 
by 1916 every variety^ of food except green vegetables was being rationed. 
The bread, which was everydiody’s food, became progressively' more coarse, 
and by 1918 the rye and other flours were present in essentially unmilled 
form. Rubner® showed that this inferior bread not only causes intestinal 
disturbances but yields to the digestive tract of the adult but 60% of its 
protein and 85% of its calories. With ymung children the loss by' failure 
of absorption was even greater. Bruns and Hartman®'*® reviewed the 
ineals of 2413 school children in Trier and found that only' 68 were receiv- 
ing milk. A child’s official diet for 1 day' was as follows; 

Breakfast: 95% unmilled lye bread, marmalade of turnips and beet 
molasses. 

10 A.M. ; Bread, marmalade. 

Noon: Potatoes, war soup containing little or no fat, perhaps bread. 

4p.ji.: Bread, marmalade. 

6 P.M.: Potatoes, soup, bread. 

On Sundays sausage or herring and butter or margarine were added. 
Nearly every' family' supplemented this starvation ration with food pur- 
chased from illegal sources; but the poor could not afford enough e.vtra 
items to procure anything near an adequate diet. It was found that 
appro.ximately lialf of the children had been on starvation rations for 2 to 
3 years. During the winter of 1918-19, the American observers encoun- 
tered an appreeiable amount of sickness among the children, the most 
common infections in the order of frequency being influenza, pneumonia, 
tuberculosis and middle ear disease. Comprehension of lessons was found 
poor and slow, their attitude disinterested and their wits dull. It wa.s 
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believed that the fatigue and restlessness were caused not alone by malnu- 
trition but by actual hunger as well, since many of the children* came to 
school from homes lacking food for breakfast. In striking contrast the 
youngsters from more prosperous households were bright, strong and 
active, and seemed to do well in their classes. To be sure there had been 
en\dronmental factors other than the chronic food shortage to disturb 
children. Thousands of troops and man^’^ wounded had been kept in the 
city, often being quartered temporarily in the school houses, hlost of 
the male teachers had been called to military ser\'ice. hlany fathers were 
away at the front, and home discipline was consequently^ relaxed. Numer- 
ous air raids and the even more frequent air alarms were continually inter- 
rupting the children’s acti'V'ities both in school and at home. But the 
most important single factor in retarding their educational progress seemed 
to be the poor nutrition and physical starvation of the children themselves. 

Effects of War Upon Children’s Mental Condition. Can malnutrition 
cause feeblemindedness? To answer this question Blanton examined every 
retarded and dull child to be found in the school system, using as criteria 
low school grades and the results of a modified intelligence quotient test. 
Marked mental retardation regarded as due to malnutrition alone was 
found in 135 (2.08%), and malnutrition plus infection found in an addi- 
tional 2.57 %. Another group (2.74 %) was judged as being scholars of 
borderline ability who under favorable circumstances could manage to 
keep abreast of the class by dint of hard work, but when handicapped by 
lack of sufficient food could not keep up, even though the pace of teaching 
was appreciably slower. Thus about 8 % of all the children showed signs 
of serious injury to the nervous system due to starvation. Blanton made 
a thorough search of the school population for evidences of psycliologic 
and psychiatric disorders. Among the 6500 children there were but 
15 truants, 25 extremely nervous and emotionally unstable, 6 epileptics, 
1 dementia precox, 5 with organic lesions and only' 2 with true neuroses, 
both being highstrung timid girls reacting in this fashion to the deaths of 
their fathers on the battlefield. The percentage of major nervous and 
mental disturbances which could be attributed to the war was therefore 
small indeed, hlan.v children however did display' nervous sy'mptoms of 
mild degree. They' were afraid to go to sleep; dreamed with terror about 
bombings; tossed restlessly' all night. Some worried constantly over rela- 
tives killed or captured; many' would cry' whenever war or their fathers 
were mentioned. No instances of incoherent stuttering or stammering 
were present, but the majority' of children in the first and second grades 
suffered from mild speech defects such as slurring and lisping, indicating 
that the fine coordinations essential for good speech were being interfered 
with. This behavior was more conspicuous among the underweight and 
ill-fed youngsters. 

Thus more than 90 % of the children endured the 3 year starvation period 
without suffering any' major emotional disorder or permanent deteriora- 
tion of mental capacity'. The minor disturbances, though common, were 
e.xpected to clear up as the restrictions on food became eliminated and life 
returned to a more peaceful level. Many parents told Blanton that their 
children’s slight terrors and nervousness began to fade away soon after 
the Armistice was signed. 

Effects of War Upon Infant Health. During the first 2 years of the war, 
no change in weight or length of newborn German babies was obser\’ed 
in spite of the fact that many mothers were showing evidences of faulty 
nutrition as a consequence of the beginning food shortage.'® But from the 
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hunger blockade were looked upon by the local physicians as a handi- 
capped group, unusually susceptible to illness and slow to convalesce.^** 

Glands of Internal Secretion. Curiously, after the war had been over 
for several years there came reports from scattered areas in Germany of 
goiters developing in school girls and adolescents. LilF reported from 
Wurzburg, a community with normally a low goiter rate, that the incidence 
of thjToid enlargement had risen in the years 1922 through 1925 from a 
usual rate of 1.1 % to 2.8% up to between 3% to 11 % in the various age 
groups of the school girls. In Mannheim, where goiter once had been 
uncommon, Stephani^^ found that, in 1924-25, 35 % of the boys and 37 % 
of the girls had visibly enlarged thjwoids, often tumor-like. No explana- 
tion was apparent to the observers for this disturbance of thjToid function. 

Rickets, especially the late variety in children over 5 years of age, 
became common in the clinics of Germany and Austria in the late war and 
post-M^ar years.*®’-®--^ For example, Engel*® in Berlin encountered some 
63 cases of late rickets in 1916, 26 in 1917, 62 in 1918 and 141 during 1919. 
Undoubtedly faulty food and hygiene played jpajor roles in the causation 
of this osteomalacic disturbance, but perhaps additive factors of hormone 
character were active also. 

Starvation maj'^ retard the onset of menstruation, according to Cal- 
mette*- and Heuyer.-® The conclusion was based on studies of the French 
children of Lille who had experienced 4| years of semi-starvation dur- 
ing the German occupation. I^Tien surveyed after the Armistice all were 
said to show retardation of weight, height and chest circumference, though 
measurements were not published. Tuberculosis was found to be much 
more prevalent than before the war, judged by chest findings and enlarged 
cervical nodes. During the occupation, scurvy, peripheral neuritis and 
pellagra had been common,®® and several outbreaks of dysentery had 
occurred. Calmette’s examination showed that but 20 of 100 girls at the 
age of 18 had as yet established a regular menstrual rhythm, and Heuyer 
found 8 out of 12 of that age who were not yet regular. Heuyer stated 
also that signs of hypothyroidism Avere frequent. 

Tuberculosis. An increased incidence of childhood tuberculosis was 
reported from all parts of Germany®® and Austria Hungary.^® Thus in 
Stettin®® the tuberculosis death rate for children which from 1910 to 1915 
had ranged betAveen 0.35 to 0.40 per 1000, had tripled to 1.2 in 1916-17, 
0.94 in 1917-18. Equally striking are the data on the increased frequency 
of positive reactors to the Pirquet skin tuberculin test from Berlin,’® 
Charlottenbiug,®® Vienna,®® Rostock®® and Munich.® Among children in 
institutions and of the Ioav income group in A'arious cities during the Avar, 
the positiA^e reactors ranged from 20 % to 30 % at the early age of 2 years 
—taking the figures for this age as an illustration— Avhereas prior to 1914 
the incidence in the same communities was betAA’een 9 % to 12 %. Bart- 
schmid’s® Amlues for Munich were as folloAA's: 


Table 2.— Tubekculosis Inciden-ce in Munich 

Percentage of positive reactors 


Ase of children 
(in years) 

" 1912-1914 

1915-1919 

1 . . 

12 8 

13 9 

o 

19 G 

24 S 

3-4 

25 S 

44 1 

5-G 

32 7 

51 7 

r-s 

47 0 

54 2 

9-10 

43 G 

63.3 

11-12 . 

. . . 50 0 

56 G 

13-14 . . . 

. . . 64.9 

57.4 
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Scliick and Wagner^® record the appearance of great numbers of children 
with severe scrofula and malignant forms of pulmonary consolidation in 
the University pediatric clinic of Vienna in the years after the war. Lang- 
stein and RotU® found that where poverty was greatest, food, clothing and 
fuel most inadequate and sanitary facilities very rudimentary or absent, 
that there the spread of tuberculosis among the children was found most 
rampant. They noted that the years of financial depression and currency 
inflation which followed the war were even worse than those of the war 
itself. All observers agreed that the fundamental factors responsible for 
the enhanced spread of childhood tuberculosis were diminished bodily 
resistance consequent to malnutrition and poor hygiene of living plus 
augmented opportunities for contact Avith the growing number of unlios- 
pitalized active cases in the adult population. 

Eesults of Starvation Upon Size and Growth. That children thrive 
poorly during underfeeding or famine is a truism requiring no substantiation 
from authority. Of the manj’- reports from the World War experience 
only a few will be cited. Davidsohn*® presented data on physical measure- 
ments of orphanage children in Berlin, contrasting 300 jmungsters of 
1908-09 with a comparable group from the same institution in 1919. The 
study showed that the 1919 boys weighed 15 % less and Avere 7.2 % shorter, 
AAfliile the girls AA’^eighed 24% less and AA'^ere 6.4% shorter. E.xpressed in 
chronologic terms the boys of 1919 corresponded in size to boys 1| years 
younger of peacetimes, and the girls corresponded in size to girls 1| years 
younger. Interestingly in Davidsolm’s group of children the weight Avas 
affected adversely to a greater degree than was the length, Avhereas in 
Pfaundler’s'*^ series the opposite relationship Avas encountered. In Munich'*’ 
2500 children entering school in 1917-18 Avere measured and the data 
compared Avith those for 1912. The aA’^erage Aveight of the children avus 
found to be 4 % less than before the Avar, the height 7 % less. The differ- 
ences Avere especially notcAvorthy among children from the better social 
classes. Kaup”’^ studied an elder age group in the same city (Munich). 
He compared the measurements on OA^er 100 boys 14 years of age in 1920 
AAnth the data on a similar group obtained in 1913. At the later period 
the length difference aA^’eraged —2.2 cm. (1.4%), the AA^eight aA’-eragcd 
— LS kg. (3.8%). The deficit in length for these older children AA-as thus 
relatiA'ely less than had occurred Avith Pfaundler’s more youthful popula- 
tion sample. 

Will children after being starA-^ed for seA'eral years ahva^'s be smaller 
than their normal contemporaries, or Avill the temporarily sloAved groAvth 
impulse accelerate to correct for the deficit once a liberal intake of food is 
provided? A partial ansAver to this question lies in the observations on 
the excellent nutritional response of AA'ar-stricken European children to 
good food and hygiene after the AA-ar. From 1919 through 1921, Avith the 
aid of financial contributions from all over the AA'orld hundreds of thousands 
of semi-starved youngsters Avere sent to more faA'orable environments for 
recu])eration and upbuilding. Scores of reports testified to the rapid 
recoA'cry, sudden groAA’th and restoration of A'isible signs of good health. 
For example, Abderhalden* described a group of 27 Austrian children aged 
8 to 14 years receiA'cd in hlagdeburg. In S Aveeks the average Aveiglit 
gain Avas 3.2 kg. and the aA-erage height increase AA-as 2.8 cm. Bloch'’ 
reported on 30 severely undernourished children sent from Halle. Germany, 
to Rickcnbach, SAA’itzerland. In a little more than a month these put on 
Weight aA-eraging 5.3 kg. (11.7 pounds) and the hemoglobin had climbed 
more than 10 points in mean A'alue, ranging from 38 to 01 on admission 
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and between 54 and 72 on discharge. Analysis of Reischl’s^ figures on 
1543 Austrian children sent to neighboring rural camps for 1 to 2 months 
reveals an average gain of 0.3 kg. per week. When one recalls that the 
rate of weight gain for normal healthy American children amounts only 
to about 0.05 kg. weekly - the spectacular growth curves of Europe’s 
children are eloquent evidences of the state of nutritional depletion of 
their tissues and the beneficial effect of more fa^'orable diet. Further 
corroboration is found in the reports of Schlesinger^^ and Rossle and Bon- 
ing« that by 1923 most of the weight and length deficits in children of 
school age had become corrected and compensated. 

Wolff,®®"-^ school medical officer in Berlin until the Nazis took over, 
reviewed ryith careful statistical technique his measurements of the chil- 
dren entering and lea^^ng the school s 3 -stem over a 20 year period, in order 
to ascertain whether those born during the lean years of the war showed any 
signs of permanent physical retardation. The mothers of these childreii 
had been in poor nutrition during their pregnancy and breast nursing pe- 
riods, and the children themselves had failed to receii-e adequate diets 
during the first few years of life. fWien tliey first came to school at the 
age of 6 years (in 1924-26), both the boys and the girls were 2.5 to 4.0 cm. 
shorter in average height than were those of the same age who entered in 
1927-1928. The weights showed a similar difference of 0.5 to 1.0 kg. in 
favor of the later born. The gross difference betAveen the means of the 
entrance in 1924 and in 1932 ranged from 5.9 to 6.5 cm. in height and from 
1.07 to 1.57 kg. in weight. These values Avere shoAA-n by calculation to be 
statistically significant. 

Wolff studied these same children 8 years later AA’hen they Avere 14 years 
old and graduating from the school. At this age the mean AA-eiglit and 
height proved to be in the same range as the A-alues for graduates in the 
years immediately preceding, Avhich AA-ere taken as normal controls. Thus 
by puberty the group of children born during the period of extreme food 
shortage had caught up AA-ith and corrected their groAA-th deficit Avhich had 
been still detectable at 6 ^A-ears of age. 

The Pirquet System. No rcA-icAv of child feeding in relation to malnutri- 
tion would be completcAAithout a reference to the Pirquet system’^ -’ as - s" 
eA'en though it is noAv essentially of historic interest. For AA'hen World 
War I AA'as OA-er this system under A'on Pirquet’s direct superA'ision became 
an integral element in the administration of food relief to the children of 
the Central Empires, some 420,000 in all, and stimulated critical discussion 
all over the Avorld. There were four principal features. The first took 
1 cc. of breast milk of composition 3.7 % fat, 6.7 % sugar and 1.7 % protein 
(energy A-alue 0.67 cal.) as the elemental unit of food value against which 
all other foods could be measured. The name giA-en this unit AA-as the 
“nem” (Nahrungs-Einheit-ilenge). Tables were prepared expressing 
common foods in terms of nems or multiples thereof, named by neologisms 
such as decinem and hektonem. In the relief kitchens AA'hich supplied 
supplementary meals to the undernourished children the food needs of the 
expected indiA-iduals were estimated and added, and then menus prepared 
to meet the total number of nems required. Each child’s portion con- 
tained the exact calculated amount of food. Each child ate his complete 
portion, and there AA-as no waste. 

Theorizing that food absorption AA-as proportional to intestinal surface 
area, and that this in turn AA-as proportional to sitting height, Pirquet 
proposed that the square of the sitting height be taken as the physical 
measurement most indicative of the child’s nutritional needs. Food re- 
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qiiirements could be reckoned in terms of nems per Si" (sitting height), 
with specific allotments made for minimum metabolic needs and for 
growth, fat deposit and muscular activity. 

The third feature was a new index of the state of nutrition termed 
“pelidisi.” This was derived by taking the cube root of 10 times the 
l)ody weight in grams, dividing by the sitting height in centimeters and 
multiplying by 100. The range from 90 to 94 pelidisi was interpreted by 
Pirquet as average, below 90 undernourished and above 94 well nourished. 
The children of the various Austrian provinces were all measured in the.se 
terms and comparisons drawn between their nutritional status before and 
after receiving food relief. 

The fourth feature standardized the subjective or clinical evaluation of 
the child’s nutrition in terms of the coined word “sacratama.” The 
results of the physical examination were described under the consonantial 
headings of sanguis (blood), crassitudo (fat), turgor and ??mscularis, 
with the vowels used as symbols to denote deviations from normal, and a 
code of numbers to summarize these already conden.sed derivations. 
The lack of uniformity of as.se.ssment among groups of e.xperienced 
physicians led even Pirquet to admit that this subjective approach was 
not verj'' accurate or useful. 

As Paber^’"-*’-® and others pointed out, grave doubts as to scientific 
validity attend most of the basic propositions. Sitting height Avill fluctuate 
with the state of contraction of the gluteal muscles.’®-"® Pelidisi reflected 
slight variations in length •with much more emphasis than it did appreciable 
changes in weight. The many neologisms caused confusion. The nem 
seemed to be no advance over the more familiar calorie, and the resem- 
blance of the pelidisi series to the percentage scale was confusing and 
misleading. The Pirquet system was judged brilliant but imperfect by 
the many clinics which gaAi-e it a trial, and the familiar height-weight 
tables retained as being more practical and trustworthy. 

Effects of the Current War. At this writing children all over the world 
are e.xperiencing every kind of deviation from normal ways of living due 
to war. In some countries such as Russia, China and other dominated 
territory these changes and hardships are much more extreme than in 
others more removed from the actual battle areas. That their physical, 
nutritional and psychologic conditions will be influenced goes Avithout 
saying, but years must pass and data and critical CA-aluations accumulate 
before a comprehensive and historically sound analysis of this war’s eft'ect 
upon child health can be prepared. The lay press has featured innumer- 
able articles on the conditions of Europe’s children”" but medical reports 
to date have been relatively fcAV. 

Wattie®’ summarized the public health situation in GlasgoAv during 
1941, and the report merits attention as being no doubt someAvhat repre- 
sentatiA’e of conditions obtaining in other British cities. Infant mortality 
has been rising, the rate being 93.1 in 193S, 82.7 in 1939, 109.2 in 1940 and 
131 .5 in 1941 (data calculated for the first 6 months of each year) . Analysis 
of the data shoAved this rise to be due in large measure to a groAving number 
of deaths from maturity and from congenital malformation. Pneumonia, 
bronchitis and pertussis AA'ere on the increase. It is interesting that, 
following the enemy air raids on GlasgoAv during [March and April 1941 . a 
great number of cases of Avhooping cough AA'cre reported, the children 
having contracted the disease AA’hile congregated in air raid shelters night 
after night. Scabies, diphtheria and cerebrospinal fever Avere umisuall\' 
Avidespread. On the psychologic side comes the report that the great 
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majority of small children have gone tlirough the period of intensive 
bombing without any neurotic sjTnptoms or similar ill-effects. With the 
older children more juvenile delinquency was being observed, the increase 
in convictions being about 40%. This figure represents about 2 % of the 
whole age group. Home discipline is lax because many fathers are in 
military service and mothers occupied uith war work, and the schools 
have been functioning on a part-time basis. 

_ The British government is taking special steps to maintain good nutri- 
tion among children. Provision has been made for outdoor camps and 
extra milk, fruit juices, hot breakfasts and good lunches at school. English 
children, especially those from the slums, show marked benefit from the 
government’s program.® jMackay®^ found an increase in borderline anemia 
in slum children, hlilligan and Lewis-Faning-'’’ studied the growth and 
physical strength of 133 boys 11 years old in Glossop from January-Febru- 
ary to September 1941, and found that the growth in weight was 48% 
and in height 79% of pre-war standards. Pa\me and Topley*® studied 
27 children in a base hospital by the rdtamin C saturation technique and 
noted that 14 were markedly lacking this vitamin. Harris,-® using a 
similar technique, compared data from school children in the spring of 
1941 with the vitamin C status of children of the same age and social 
background in the spring of 1939. An appreciable drop in the saturation 
level was detected and attributed to the diminished supply of available 
fresh fruits. 

Stuart®® and Stuart and Ivuhlmann®* have published a model report on 
child health conditions existing in southern France in the first 6 months 
of 1941. They studied the children of Marseilles by the rao.st modern 
scientific methods, collecting anthropometric,, roentgenologic, laboratory 
and dietarj' data to serve as a base line from which to measure the progress 
of these children’s growth under the restrictions and handicaps of war 
conditions. There were approximately 200 children under 2 years of age 
in the random sample studied, on diets most of which had been deficient 
in vitamins, animal proteins and calcium for a ,N’ear preceding. It had 
been planned to reexamine the children at 6 months’ intervals to note the 
irregularities and disturbances which might develop, but the turn of cir- 
cumstances occasioned by the recent German occupation of all of Franco 
presumably has halted the work on this project. Stuart and Kuhhnann 
published the data of the initial survey, recording body weight, size in 
terms of recumbent body length, standing height, chest circumference 
and pehde breadth measurements, and muscular and osseous development 
as measurable by the roentgenogram. In comparison with the accepted 
standards for normal American children of equal age, the French children 
were found a little smaller and of short and stocky build. The data for 
body weight did not support the riew that any large proportion ryerc 
undenveight to a marked degree, though the absence of any previous 
examination made it impossible to determine whether their rate of growth 
had been slowed during the months preceding the survey. A far greater 
irregularity obtained in the patterns of bone calcification then woulrl i)c 
expected normally, and this was attributed to environmental factors. 
Mild to moderate rickets was found in 13 of 27 infants under 22 months. 
Failure of these babies to receive a Htamin D supplement was not pri- 
marily a result of war but rather was due to the absence of any antecedent 
national public health program of education of mothers in the principles of 
infant care and welfare. No roentgenographic or clinical evidences of 
scurvy were encountered despite the frequent findings of very low concen- 
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trations of ascorbic acid in the blood samples from these children. Other 
studies, not as yet reported, indicated that the reserve stores of food sub- 
stances had been greatly depleted. The authors concluded that the de- 
privations of important foods had not been going on for a long enough 
period of time nor had been great enough in amount to lead to clinical 
disease, but with continuation of unfavorable conditions for another year 
open manifestations of disease could be expected to become more and 
more frequent. 

Despert^^“ recently published a preliminary survey of children’s reactions 
to the present war. In this review she carefully evaluated the psychiatric 
bibliography reports of the past few years, both foreign and American, 
and presented some personal observations on a group of New York chil- 
dren. The impression is gained from the British reports that the mass 
evacuation of 1,500,000 mothers, children and physically handicapped 
individuals from London early in the war resulted in widespread psycho- 
logic maladjustments and anxiety states. Most observers agreed that the 
harmful effects of evacuation were worse than the “raid-shock” of black- 
outs and bombings. The main source of difficultj'- was the separation of 
children, especially the younger ones, from their parents. In the absence 
of control data on symptoms existing prior to the war, it is difficult to 
properly evaluate the significance of behavior disturbances manifested by 
the children in the evacuation camps and foster homes. The most preva- 
lent complaint was enuresis. Whether or not delinquency increased 
remains a moot point. An increase in restlessness and irritability espe- 
cially in the pre-school age group was reported. Despert describes 
Brander’s^" contribution on evacuation and air-raids and their immediate 
and after-effects on Finnish children during the Russo-Finnish war of 
1939-40. Agitation, claustrophobia, night terrors, stereotypies, tics and 
enuresis followed the bombings. Even when there were no bombings the 
continuous air-raid alarms gave rise to persistent tension and an insufficient 
amount of sleep, which caused the children to exhibit sjnnptoms of ner- 
vousness. The children’s reactions during raids were greatly influenced 
by the behavior of the people about them. Six months after the war 
Brander made an attempt to evaluate the I’eactions of the children to the 
war. He found that any stimulus which would recall the war elicited 
psychogenic reactions and neuropathic symptoms. War was reflected in 
the games of the children. Though there were very few cases of serious 
psychiatric disorders attributable to the war experience, he concluded that 
profound changes had taken place in the Finnish child’s psychic life as a 
consequence. In Despert’s observations on American children, in every 
case in which parents reported anxiety in relation to the war the child was 
found to have presented previously an anxiety problem. Children in the 
United States have not been subjected to the violent experiences of their 
European cousins nor do they exhibit symptoms of profound j)syehie 
trauma. 

Medical Relief. jMackenzie®^ and others” have been emphasizing the 
delay at the close of the last war in getting aid to the conquered eountries 
with confusion and costly overlapping among the various relief organiza- 
tions. To avoid a similar tragedv in the vears to come, it is imperative' 
that in the central administrative program for post-war reconstruction 
there be set up effective coordinating machinery for administering projeer 
medical relief as promptly as feasible. 

To the Reviewer it seems that opportunity should be provitled within 
the relief organizations for the scientific investigation as well as treatment 
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of malnourished and disease-ridden childhood populations. From the 
study of such rvar-sick children can come a clearer understanding of the 
countless physiologic mechanisms at work within every child, and the 
relative effectiveness of various prophylactic, nutritive and curative agents 
in current professional use can be subjected to comparative analysis. If 
the supervision and practical management of medical relief for the child- 
hood fraction of stricken people were entrusted to skilled pediatricians, 
not only would these children receive excellent attention but the clinical 
material could serve for the elucidation of lessons of significance for all 
children of the future. 
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NAUSEA AND VOMITING OF PREGNANCY 

By Mary Benson Hall, A.B. 

The Scope of the Problem. During the first trimester of pregntiney 
about one-half to two-thirds of women experience some degree of nausea 
and vomiting. This can be considered severe, however, in only about 
one-third of the patients'^ and necessitates hospitalization in approximately 
1 out of 150 private patients.-^-'*® Among those attending clinics the 
incidence is consideraiily less, varying from 1 in 400^'^ to 1 in 800.-' In 
Denmark (population 3.7 million, 65,000 births annually) hyperemo.sis 
gravidarum accounts for about 6 deaths and 30 to 40 therapeutic abortions 
a year."’ 

Apparently neither color, age, race, parity nor marital status have any 
bearing on the occurrence of hyperemesis,'® ■*“ although it is said to have 
an earlier onset and run a longer and more severe course in primiparas.-® 
Fewer cases have been reported from Germany and England than from 
the United States and PYance,® but hyperemesis is practically unknown in 
the Oriental countries with the exception of Japan. This occurs in spite 
of the fact that Oriental women live, according to our standards, under 
very unsanitary conditions, and exist on a diet which is deficient in vita- 
mins A and B and calcium. Also, such conditions as cystitis, nephritis 
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and pyorrhea, which are frequently incriminated as foci of infection, arc 
found much more commonly among these women than among those of the 
Occident.®® 

It is generally agreed that hyperemesis complicates only the pregnancv 
of human beings. Numerous attempts, however, have' been made to 
reproduce it in lower animals such as dogs and cats.-®’®' 

Clinical Picture. Although some authors®^ state that three-fourths of 
patients begin to vomit before the first missed period, most clinicians 
consider that the usual onset is about the 6th week. The condition may 
last only a few weeks or extend over a period of 2 to 3 months,®' but 
generally the woman is symptom-free®’*® by the beginning of the second 
trimester. The severity varies from a slight feeling of nausea on arising 
in the morning and distaste for food, to a condition of severe delu-dration 
and emaciation and apparently toxemia. 

The term “toxemia” should be employed with considerable e:uition 
because as yet no specific toxins have been isolated, although the clinic, al 
and pathologic findings resemble those seen in other toxic conditions. 

Pathologic Anatomy. The kidney and liver in fatal cases show cloud.\' 
swelling and fatty degeneration; and in addition, centrilobular necrosis 
may be observed in the liver. Even the picture of acute yellow atrophy 
has been noted at times.'® If these findings were confirmed, they would 
suggest that a toxin was the etiologic agent. Sheehan,^® however, has 
been unable to do this. His only consistent finding was that hearts from 
patients dying of hyperemesis rarely weighed 230 gm. ; whereas a heart of 
this small size was observed rarely in association with ordinary pregnancy. 
He also called attention to the many s\Tnmetrical, pin-point hemorrhages 
in the corpora mammillaria and thalami resembling those found in \Ver- 
nicke^s encephalopathy, Korsakoff’s syndrome and in some other toxic 
states. In severe cases hemorrhages are noted in the retina.®®’®® 

Unfortunately the postmortem findings cannot be taken as conclusive 
evidence of the presence of a toxin, because they can be explained also on 
the basis of the cycle of vomiting-dehydration-emaciation-inanition-starva- 
tion, once such a cycle is initiated by some factor associated vdth the 
pregnant state.'®’*® 

The etiologic theories fall into two main groups, the neurogenic and the 
organic. 

Neurogenic Theory. Practically everyone admits the presence of a 
neurogenic factor; first, because the disease is more prevalent among those 
women with more leisure time, and among those who, before pregnancy, 
were regarded as somewhat unstable psychically-*’'*® (a priori reasoning, 
perhaps); and second, on account of the excellent response of the condition 
to psychotherapeutic measmes such as isolation and positive suggestion. 
Atlee® has reported on 33 patients whose hyperemesis was handled as a 
purely neurotic manifestation. Only 4 women failed to respond to this 
treatment. T\vo of these (unmarried girls) died of intercurrent pnexi- 
monia. The other 2 were aborted therapeutically, and although their 
fetuses were not actually expelled until 2 days later, -x-omiting ceased .-is 
soon as the patients believed that their pregnancies were terminated. 
One of these last 2 women responded to psyciiothcrapy for hyperemesis 
in a subsequent pregnancy. 

Atlee’s interpretation of hyperemesis is as folloxvs: 

t'omiting of pregnancy is a protest against pregnancy on the part of flio uncon- 
scious mind — a defense or rejection tendency, directed against what is unconscionsly 
felt as a foreign body, but displaced (in the psychological sense) and carried out 
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in regard to the gastric contents. Onlj'^ in the second half of pregnane}'-, when 
the movements of the child no longer permit even the hysterical woman to deny 
the genital location of the changes and sensations, does the inclination to vomiting 
cease .... vomiting is a distorted attempt on the part of the unconscious mind to 
rid the self of the fetus. 

To account for the pathologic findings Atlee submits the following points : 
(1) Laboratory animals dying from starvation or continued loss of gastric 
juice present the same pictures in their livers as the woman dying from 
hyperemesis. (2) Starvation sensitizes the liver to poisons. Mental 
fatigue, undernourishment and use of salvarsan in Germany during the 
years 1916-20 were associated with an increase in acute yellow atrophy. 
(3) Mental disturbances per se can produce hepatic changes indistin- 
guishable postmortem from those seen in fatal cases of liyperemesis 
gravidarum. (Cases cited.) 

Another i-eason, advanced in support of the neurogenic theory, is the 
occurrence of vomiting and similar symptoms among the husbands of 
pregnant women.® Most authorities, however, think the incidence of this 
])henomenon is too small to be conclusive.®® 

The opponents of the neurogenic theory point out that the majority of 
women cannot be regarded as psychotic, yet when pregnant the majority 
do suffer from some degree of vomiting.®® Moreover vomiting may have 
its onset before the first missed period or before the woman suspects tluit she 
is pregnant.^^ The tendency here is to regard the neurosis as an aggra\-uting 
factor and very likely one which obscures the true cause. 

Organic Theories. 1. Those of Paternal Origin. Aside from his influ- 
ence on the mental outlook of the woman, the father is incriminated as 
being responsible for hyperemesis only by the appearance, via the fetus, 
of isoagglutinins in the mother’s blood, a mechanism similar to that of 
the Rh antigen in causing erythroblastosis fetalis.®® ®® This, however, has 
been proven in only a few cases, and some investigatons®® have even used 
injections of father’s blood to bring an end to vomiting, but their succe.ss 
probably may be ascribed to a non-specific psychotherapeutic efl'ect. 

2. Those of Placental Origin. Many theories center around a derange- 
ment of the placenta as the etiologic agent. One group of French workers® 
believes that pathologic changes in the chorionic villi are responsible for 
the vomiting. To support this theory these investigators cite cases similar 
to the following 2: A woman died 14 days after the onset of hyperemesis. 
She was found to have a hydatidiform mole, the normal course of which 
is more than 1 month. Another woman who continued to vomit for 
26 days after abortion was subsequently shown to have retained a frag- 
ment of placental tissue. Ordinarily recovery should occur within 2 weeks 
at most. There are, however, many such patients who do not sufi'er from 
vomiting or any other toxic signs. Obviously, then, some other factor must 
be at work. 

This may be fragments of chorionic villi and detached masses of chorionic 
epithelium which are found often within the maternal blood-vessels. 
Peckham®® postulates that the normal mother can dispose of such foreign 
bits of tissue satisfactorily, but when the nervous system is upset, as during 
pregnancy, she is unable to do this — a point difficult to prove. 

Another theory is that of Johnson,®® who says that stasis of blood in the 
intervillous spaces, if of sufficient duration, leads to degeneration of chori- 
onic tissue and the production of tyrosine. Bacteria and/or enzyme.-' cir- 
culating in the blood convert tyrosine to tyramine, and the absorplion of 
the latter is responsible for the symptoms of hyperemesis. 
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Viet and others^'®* postulate the presence of a syncytiotoxin, whose 
source is the placenta, a toxin normally neutralized by a substance 
called syncytiolysine. For some reason the mechanism fails, and tlie 
mother is no longer able to destroj-- the fragments of villi which are circu- 
lating through her body. The sjTnptoms of hyperemesis are produced by 
the direct action of the toxin on the vomiting center and the vital organs.-® 
In support of this theory’’ is the evidence that urine from a toxemic gra^'ida 
must be diluted considerably before it can be injected safely into mice for 
the Aschheim-Zondek test.® Clinically the eye manifestations, c., nys- 
tagmus and retinal hemorrhage, resemble those found in other toxic con- 
ditions.®’®®^ There is also a marked similarity of the s^^nptoras of severe 
hjT>eremesis to those of the to.xic psjmhoses® and of mild cases to the so- 
called toxemia of amenorrhea.^^ Nevertheless, it still remains for this 
toxin to be isolated and its source determined. 

3. Those of Maiernal Origin, (a) Intercurrent Processes: Vomiting 
may, of course, be produced in the pregnant woman by any condition 
which causes the non-pregnant woman to vomit. Such would include 
tonsillitis,® gastritis,® appendicitis,® cervicitis,®-®- cholecystitis,®® peptic 
ulcer,®® nephritis,’^ urinary back pressure,®® the presence of tapeworms, ■'® 
as well as innumerable other causes. P^'elitis,®-^* hyperthyroidism'® and 
avitaminosis®®’®® also will cause vomiting. These three conditions are asso- 
ciated more commonly with pregnancy tlian the preceding ones, and if 
they are present in a more or less latent state before pregnancy, the extra 
demands of the fetus will be apt to make them worse. 

A word should be said in regard to a\dtaminosis-B. Since some of the 
neurologic signs found in severe cases of hypereniesis resemble those of 
poljmeuritis and Korsakoff’s syndrome, the B complex has been thought 
to play an important role in the development of vomiting.®® Likewise 
the con^’^llsions, which may be associated with hyperemesis gravidarum 
but which are seen more commonly in eclampsia, may be correlated with 
low pjTuvic acid levels.®® 

{b) Metabolic Derangements; Theories in support of a basic metabolic 
derangement as the cause of hyperemesis center about the liver for three 
reasons; (1) Postmortem changes are most marked in the liver. (2) 
Hepatic function tests (porphyrin and bilirubin elimination, the xantlio- 
proteic test)®®’®® indicate decreased activity. (3) Examination of the 
blood and urine reveals disturbances of body metabolism associated with 
hepatic damage. 

These biochemical findings^-'*®’®®’®®’®® include increased blood urea nitro- 
gen, acetone bodies, and i)Iood organic acids (uric, amino and lactic) and 
decreased blood chlorides. The CO- combining power varies ^yidely but 
is generally within normal limits. The van den Bergh test is slightly 
positive in moderately se\-ere cases. Serum proteins, hemoglobin and red 
blood cell counts are high as a result of the dehydration and hcmoconccn- 
tration. The blood sugar usually is depressed, although in severe cases 
increased values are sometimes found.®® The urine is loaded with aliiu- 
min, acetone bodies, and the products of bile pigment metabolism. Tiic 
ammonia nitrogen coefficient is incre.ased, and this Peckham®® attributes 
to starvation. 

The glycogen reserve of the liver'® is decreased either through prolonged 
fetal demands — at this time the placenta, the great storehouse, is not 
completely formed®’— -or because the dietetic habits and preferences of the 
mother result in a decreased carbohydrate intake.®® Such a prolonged, 
gradually increasing hypoglycemia may give rise to neurotic sjauptoins - 
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and will sensitize the liver to the action of toxins. Experimentally it has 
been shown that less poison is required to kill an animal whose li\'er has 
been depleted of its carbohydrate reserve than to kill a normal one.®^ 
Once vomiting has begun a vicious circle is set up, for continued vomiting 
further depletes liver glycogen. The intravenous administration of glu- 
cose to combat this loss will, in many cases, restore the woman to healtli®- 
and is a fundamental part in the treatment of these patients. 

The effects of a deranged carbohydrate metabolism are felt also on other 
reactions of the body. Sussman®^ has pointed out that the normal response 
of the body to parathormone is decreased greatly in the presence of li\'er 
damage. Ordinarily calcium will relieve the symptoms of CCb, phos- 
phorus and hydrazine poisoning whether hj'^pocalcemia is demonstrable or 
not. A patient with hyperemesis, however, does not cease vomiting when 
calcium is administered alone, but she will obtain relief if parathormone 
is given in addition to the calcium. 

The ketosis, acidosis and shift in pH observed in these women is linked 
also to the question of deranged carbohydrate metabolism.'*^ In dogs, a 
disturbance in acid-base equilibrium unassociated with renal injury has 
been found to produce a toxemic condition.®^ 

It is possible that the metabolic disturbance can be explained on the 
basis of the next topic to be considered.^ 

(c) Endocrine Dysfunctions: Due to the rapid development of the 
endocrine system during the first trimester of pregnancy, almost all of its 
hormones have been held responsible for hyperemesis. The following are 
some of the important ones : 

Gonadotropin: During pregnancy the anterior pituitary gland increases 
in size, and from the chromophobe cells new ones deA^elop. These contain 
acidophilic granules and are knovm as “pregnancy cells.”® It is not 
unreasonable to assume, therefore, that the gonadotropic hormones, as 
well as those which exert a trophic effect on the other endocrine glands 
such as the thyroid, adrenal and parathyroid, increase in amount. 

Numerous workers have attempted to demonstrate an hyperprolanemia 
and hyperprolanuria in association with hyperemesis. Data published 
between 1936 and 1939" suggested that the amounts of gonadotropic 
hormone in the blood of patients suffering from Ijj'peremesis were greater 
than those present in normal pregnancy. One group of investigators' 
thought that it was able to correlate the le^'el of prolan with an abnormal 
proliferation of plasmodial elements in the placenta, but subsequent work- 
ers^®® have not been able to confirm these observations. 

Estrogen: Determinations of the amounts of the estrogens in the blood 
and urine have shown that nausea is associated with low estrin levels,®* 
and Hawkinson"®--* has reported both low estrogen and high gonadotropin 
values in such patients. Over 150 of these women were treated succe.ss- 
fully with estrogenic preparations. Nevertheless synthetic estrogens can 
themselves produce nausea and vomiting.*® .Smith and Smith® ®® postulate 
an abnormal metabolism of estrogens at this time of such a degree that 
there is an excessive destruction of them. 

Anterior Pitvitary-Wce Substance: Subnormal urinary values for APL 
associated with hypernormal values in the serum have been reported from 
a small series of cases by some Norwegian workers.^ These values rcturncii 
to normal following recovery from vomiting. 

Adrenocortical Hormones: One theory attributes nausea and vomiting 
to adrenocortical failure. The evidence in support of this view is:*®® 
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(1) Normally the adrenal cortex hypertrophies during pregnancy, but in 
fatal cases of hyperemesis, it is found to be atrophic. (2) Nausea and 
vomiting are the first sj-mptoms in adrenalectomized animals. (3) Ano- 
rexia,^ nausea and vomiting are the first sjTnptoms of Addison’s disease. 

(4) Biochemical findings in hyperemesis and Addison’s disease are similar. 

(5) Treatment with adrenocortical extracts will terminate vomiting. 

In comment on this last point, it should be pointed out again that the 
therapeutic effects are very difficult to evaluate because of the strong 
susceptibility of the condition to psychotherapy. Bandstrup^ says, “ When 
an effect is obtained it seems reasonable to look upon it as a palliative and 
compensatory (meastme) through increase in the liver glycogen and blood 
cholesterol, that is, a treatment along the line of the glucose-insulin 
treatment.” 

Inierf 2 tnction of Adrenal and PliuHarj/ Glands: Elevation of blood 
cholesterol, a common finding in hyperemesis,^’®’ suggests a disturbance 
of fat metabolism, the controlling agent of which is considered to be the 
ketogenic hormone of the anterior pituitary gland. Cholesterol is said to 
counteract this secretion and also to neutralize both endogenous and 
exogenous to.xins and to increase liver glj'cogen.®®'®® Ivemp"® suggests that 
the liver can function efficiently and maximally only i7i the presence of an 
adequate catalyst and proposes that this may be an adrenocortical se- 
cretion. 

(d) Allergy: The role of allergy in the production of natisea and vomit- 
ing is closely linked with that of the endocrine glands, for the causative 
agent is considered to be the corpus luteum hormone. There are those^’ 
who contend that an excess of corpus luteum hormone secreted at the time 
of conception may be responsible for hyperemesis but tlie chief reason 
advanced is that the woman has become sensitized to the corpus luteum 
hormone through continued absorption during her active sex life, "^^ornit- 
ing appears at the time when corpus luteum is increasing physiologically 
in size, and stops when the corpus luteum ceases to grow.'^'®* (The pro- 
ponents of this view point out that the corpora lutei of the pregnant and 
the non-pregnant woman may not actually be the same, for on microscopic 
section tliose of the lattei’ contain more colloid and larger granular cells.) 
Finch’®''^’’® was able to demonstrate in a large, well-controlled series of 
patients positive intradermal reaction to an extract of the corpus luteum 
(not progesterone but an as yet unidentified hormone), proportional in 
almost every case to the degree of nausea and vomiting the patient experi- 
enced. He has found also that patients who have had nausea and vomiting 
during pregnancy are extremely likely to experience it following the 
administration of diethylstilbesterol for any other clinical condition for 
which it may be indicated. These patients all show positive intradermal 
tests with the corpus luteum hormone. From this he infers that the 
allergen very likely is some substance produced secondarily by an estro- 
genic substance such as diethylstilbesterol. Furthermore, dcsensitization 
can control the patient's symptoms. 

(c) hliscellaneous Conditions: In addition to the causes given above, 
there are a number of others which have been proposed but whose role 
in the production of hj-peremesis has not as yet been thoroughly investi- 
gated. These include hunger,®’ duodenal spasm,®® faulty protein diges- 
tion, achlorhydria,®"® reverse peristalsis brought about by hyperemia 
and growth of pelHc structures,®® unstable nitrogen equilibrium®' and 
overirritability of the vagus.®* 
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PROCEEDINGS OF 

THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 

SESSION OP APBIE 20, 1913 

Studies on Gelatin as a Plasma Substitute. I. Efficacy of Gelatin in 
Experimental Banorrhage and Burn Shock. W. iM. Parkins and J. R. 
Lockwood (Harrison Department of Surgical Research, University of 
Pennsylvania). The gelatin used in these studies was produced by alkali 
hydrolysis of bovine long-bone collagen under controlled and standardized 
conditions, and was infused as a 6% solution in saline, having a colloid 
osmotic pressure, after autoclaiang, of about 45 mm. of Hg. 

Ten unanesthetized dogs subjected to rapid massive hemorrhage to the 
point of air hunger or respiratory failure, wdth blood pressure reduced to 
about 20 mm. of Hg, all survived when immediately infused with a volume 
of saline or gelatin equivalent to the amount of blood withdraum (approxi- 
mately one-half their blood volume). The maintenance of a higher total 
protein concentration in the 5 gelatin infused dogs, the considerably greater 
increase in plasma volume, and the return of the blood pressure to normal 
range 15 minutes after infusion, in contrast to the response of animals to 
saline, indicates a definite superiority of gelatin over saline in this type 
of experimental hemorfhage. 

Dogs anesthetized with nembutal, subjected to hemorrhage of 30 cc. 
per kg., and infused with gelatin were better able to tolerate subsequent 
repeated hemorrhages of this amount than animals infused after eacli 
hemorrhage with saline. 

Sixteen dogs under nembutal were subjected to a standard procedure of 
slow 3-stage hemorriiage with blood pressure maintained at 30 to 40 min. 
Hg for 30 to 40 minutes. Three untreated animals sncciimbed within 2 
to 5 hours. Two of 5 saline-infused animals slowly recovered and 3 died 
within 6 hours. In 5 gelatin-infused animals the increase in plasma vol- 
ume was more marked than in 3 plasma-infused dogs. In the gelatin- 
infused dogs the blood pressure was as well restored and maintained a.s in 
the animals receiving plasma. All gelatin and plasma-infused dogs made 
a rapid and uneventful recovery. 

Treatment of anesthetized dogs subjected to a standard rcprodncililc 
body burn yielded the following results; All of 5 control animals died; 

3 of 5 saline-treated animals succumbed with uncontrolled hemoconccn- 
tration; 1 of 4 plasma-treated dogs died, and 7 of S gelatin-treated dogs 
failed to survive in spite of a correction of hcmoconccntration of the same 
degree as that obtained ivith plasma. Although gelatin treatment ex- 
tended survival well beyond the period when death associated with hemo- 
concentration occurred in controls, the gelatin-treated dogs siiowcd a 
progressive decline in blood pressure without significant reconcentration. 
Since gelatin is capable of compensating for the osmotic pressure of the 
lost pl.asma protein, there is reason to e.xpect that the effcctivenes.s^ of 
gelatin therapy in hums may be enhanced by modifying the composition 
and technique of administration of gelatin, and by the concomitant 
administration of certain humoral factors. 

II. Ohserrations on Toxicity and Elimination of Gelatin. C. L. Koop, 
Cecilia Riegel, H. M. Vars, H. L. R.\tchffe, W. M. Parki.vs and 
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J. S. Lockwood (Harrison Department of Surgical Research and Depart- 
ment of Pathology, University of Pennsylvania). Studies on the toxicity 
of intravenous gelatin as a plasma substitute were undertaken after single 
and repeated infusions of 10 to 30 cc. per kg. of 6% gelatin solution. 

Glucose tolerance, serum protein, albumin and globulin, non-protein 
nitrogen, and prothrombin determinations revealed no liver damage. 
Fibrinogen levels were decreased. Bromsulfalein retention was marked 
3 hours after infusion, diminished at 24 hours, aiid normal at 48 hours. 
The degree of retention became increased and the return to normal increas- 
ingly delayed as the number of weekly infusions increased. Similar l)ut 
less marked retention was observed in dogs infused with plasma. 

Kidney function as determined b^'^ urea clearance was unimpaired. 

There is no evidence that gelatin per sc is pyrogenic in the dog. Re- 
peated infusions varying in amount, number and frequency failed to 
produce allergic reactions. 

Sedimentation rates, corrected for hematocrit changes, showed a two- 
to fourfold increase after infusion, with return to normal as the gelatin 
disappeared from the blood. 

Clotting time was increased 16 % 15 minutes after the start of infusion, 
30% at 3 hours, and returned to normal within 24 to 48 hours. 

Follovang gelatin infusion diuresis and relatively rapid excretion of 
gelatin occurred which decreased after 6 hours following infusion. Not 
all of the gelatin which disappeared from the blood was accounted for by 
urinary excretion. The fate of the remainder is obscure. Plasma pro- 
teins fall rapidly after infusion and were replaced at about the same rate 
at which gelatin disappeared from the blood. Gelatin was present in only 
minute quantities after 5 days. A decrease in total plasma protein con- 
centration which occurred soon after infusion may be explained by increase 
in plasma colloid osmotic pressure. 

In the normal dog, repeated infusions of gelatin over long periods of 
time were not accompanied by demonstrable tissue damage, except for 
capillary hemorrhages in the adrenal glands which were visible for only 
48 hours after the infusion. In those animals where gelatin was given as a 
blood replacement there was evidence of protein leakage in the kidney 
tubules and minor degeneration in liver and kidney in 24 hours. These 
changes, only .slightly more marked with gelatin than with plasma, were 
apparently reversible. 


Further Studies on the Mode of Action of Sulfonamides. M. G. Sevag, 
Jane Henry and Ruth Richardson (Department of Bacteriology, 
University of Pennsylvania). The results of our studies show that proteins 
compete with bacterial enzyme proteins for sulfonamides, r. g., neopep- 
tone reverses the inhibition of the respiration of bacteria by sulfonamides. 
The reversing effect of neopeptone, contrary to Lockwood’s postulates, is 
not due to acceleration of the metabolic activities of bacteria but due to a 
competition with bacterial enzymes for sulfonamides. This competition 
is effective when the amount of neopeptone is in excess of the amount 
required for optimal acceleration of the metabolic activities of bacteria. 
Similar competitive effects are observed also when the inhiliition of the 
carboxylase activity of E. colt by para-, meta- and ortho-aminobenzene- 
sulfonamides are measured in tile presence and absence of proteins. In 
the absence of proteins the 3 isomers exercise similar inhibitory effects. 
On the other hand in the presence of an appropriate amount of neopeptonc 
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or human serum albumin, the para-isomer maintains its inhibitory effect, 
but the meta- and ortho-isomers show no inhibitory effect. The latter 
2 isomers show, therefore, greater affinity for these serum proteins than 
for the bacterial enzyme proteins involved. p-Aminobenzoic acid reverses 
the inhibition of the respiration of bacteria by sulfonamides (50% to 
100% reversal). p-ABA likewise reverses the inhibition of bacterial car- 
boxylases by sulfathiazole. These and other facts show that the action 
of sulfonamides is directly related to the blocking of the respiratory 
enzjmies of bacteria. (Sevag, M. G., and Shelburne, iM., J. BackrioL, 
43, 411, 421, 447, 1942; Sevag. M. G., Shelburne, M., and Mudd, S., 
J. Gen. Physiol., 25. 805. 1942.) 


Clinical Studies on Incoordination of the Circulation. Isaac Starr 
(Research Department of Therapeutics. University of Pennsyh-ania). 
The change in the circulation when the subject arose, as determined by 
the ballistocardiograph. has been employed as a test of circulatory co- 
ordination; i. c., of the ability to adapt its volume to the needs of the 
moment. 

Normal standards were determined by a statistical analysis of the 
results of 120 tests made on 75 normal subjects. Abnormalities were 
sought in 200 tests made on 150 ambulatory hospital patients. 

In healthy persons the amount of the circulation per minute changes 
but little when they arise. In a large percentage of sick persons the 
circulation, on arising, changes much more than in healthy persons. In the 
common abnormality the circulation after arising is unduly increased; 
in the far rarer type it is unduly diminished. 

IncoSrdination of the circulation is a very common clinical condition 
and this may account for the widespread occurrence of symptoms such 
as dizziness, faintness and shortness of breath, which so many of these 
patients exhibit. 
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The Embryological Treatises of Hieronyaius Fabricius of Aquapeat- 
DENTE. The Formation of the Egg and of the Chick. The Formed 
Fetus. A facsimile edition, with an introduction, a translation, and a 
commentaiy by Hoavard B. Adelmann, Professor of Histology and Em- 
biyology, Cornell University. Pp. 883; 85 figs. Ithaca, N. Y.: Cornell 
University Press, 1942. Price, $12.00. 

The translation of these tAvo important embryological treatises— apparentl}' 
for the first time in any modern tongue — and their facsimile reproduction from 
the most reliable editions constitute a noteAvorthy cA^ent in medical historical 
achievement in this countiy. Further value is added 133’^ the 121 pages of the 
scholarly preliminary matter on the “colorful” life of Fabricius and the histoiy 
of embiyology before Fabricius’ time, together Avith an anab’^sis of the tAvo 
embiyological treatises, and inclusion of the unique supplement of 10 leaA^es 
of explanatory matter accompanying the colored plates bound in the cop}-^ of 
De Formato Foelu that is in the Libraiy of the College of Plysicians of Phila- 
delphia. The spelling of Fabricius’ birthplace AA'ithout the “c” in the title 
and Avith it in some places, as on page 6, merely reflects the frequent variation 
that is found on this point. A similar explanation must serve for the confusion 
about dates of printing De Formato Foelu. The author explains (p. 122) the 
different dates used in title page, colophon and dedication and his reasons for 
preferring the 1604 of the colophon. 

To the tyro in medical histoiy the name of Fabricius perhaps first recalls 
three items: his construction of AAdiat Avas perhaps the first pennanent ana- 
tomic theatre, in Padua, and his chief contributions to medical progress— the 
recopiition of the valves of the veins and as the teacher of HarA’^e}’' at Padua. 
His influence as a teacher and investigator Avas undoubtedly an important factor 
in stimulating his more brilliant pupil toAvard his synthesis of the circulation 
of the blood: Less Avell loioAvn, hoAvever, are these embr 3 '^ological treatises, 
Avhich also stimulated Harve}'-, by his OA\m acknoA\dedginent, to the construc- 
tion of his second great Avork. Dr. Adelmann’s evaluation of Fabricius’ con- 
triliution steers a middle course betAveen the extremists Avho see in Fabricius 
anything from the leading figure in a period full of leaders, on the one hand, to 
a traditionalist “blinded to facts staring him in the face” (Foster). Rather 
does Adelmann look on Fabricius the embr 3 ’^ologist as a strong and intelligent 
observer and pictographer, a proponent of useful classifications and tools of 
expression; but one Avho, as a child of his times— such as Harvey himself Avas— 
boAved occasionall}’^ too Ioav to authorit 3 ’’ and to the dead hand of Galen. 
Fabricius, of course, made errors of obserA^ation and interpretation, some of 
Avhich Avere picked up b 3 ’^ his pupil, Harve 3 q aa'Iio in turn made the same sort 
of errors. But hoAv could an 3 ’’thing else be expected, giA'en the comjilexit}' of 
the subject, the fragmentar3’^ basis of the scientific knoAvledge of the da3', and 
the lack of suitable instruments permitting more precise studA’? He should 
be regarded as a folloAver of Aristotle only partb"^ freed from the fetters of omni- 
potent tradition. Fabricius’ position among the great in anatoniA' and embr 3 ’o- 
logA’ is clarified and enhanced b 3 ^ Adelmann’s work. 

Heart}' congratulations are in order to the American Council of Learned 
Societies for aiding financiall}' in the publication of the volume, to the Cornell 
UniversitA' Press for the excellent, and 3 ’et not OA'er luxurious fonnat, and above 
all to a bus}' Professor of Anatomy and Embryolog}' Avhosc enthusiasm for 
books and their contents enables him to bring his task to a successful comple- 
tion in these difficult times. E. K. 
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The jMedic.^ Cuntcs of North America O^ol. 27, No. 1, Chicago Number, 

’■ Philadelphia: W. B. Saunders Company 
1943. Pnce, year S6.00. * 


than once Sir William Osier, suggesting the iva}' to Aequanimitas 
indicated that physicians would do well to compose themselves for sleep 
by perusing volumes far from the field of medicine. That adi-ice gently put 
forth, in more leisurelj^ days of course, can stand the test of time; but in 
th^e strained da3's, ivhen phj’sicians practising general medicine must he 
rationed and their time packed with consultations to the exclusion of their 
regular medical reading, this number of the Medical Clinics oj North America 
mil be welcomed by them. It has proved to be a stimulating bedside com- 
panion to be read profitablj', perhaps an article at a time, ivi thou t unduly e.vcit- 
ing the resting phj'sician. 

The present number is chiefl}' devoted to gjmecologic problems, but, as 
usual, includes other topics, chief!}' on diagnosis and treatment. V. R. 


Diseases of the Skin. By Ouver S. Ormsby, hl.D., Rush Professor of 
Dermatologj', University of Illinois; Attending Dermatologist to the Presbj’- 
terian Hospital of Chicago; etc.; and Hajiilton liloNTGOMERY, hl.D., M.S., 
Associate Professor of Dermatology' and Sj'philology, hlaj'o Foundation 
for Medical Education and Research Graduate School, University' of hlinne- 
sota, Rochester, Minn. ; etc. Pp. 1360; 654 figs. (6 colored plates). Sixth ed. 
Philadelphia: Lea & Febiger, 1943. Price, S14.00. 

In this edition, long a most distinguished example of the best American 
tradition in the field, Dr. Ormsby is again fortunate in the choice of his col- 
laborator. Dr. Hamilton Montgomery', of the Section of Dermatology’ and 
Sj'philology' of the Mayo Clinic, is an able clinician and competent pathologist. 
He has, singly' or in collaboration, made intensii'e studies on a number of the 
complex phases of dermatology'. His collaboration with Dr. Omisby’ is espe- 
cially ei’ident in the section on the diseases of metabolism (xanthoma) and in 
his additions to the paragraphs on pathology' which the prenous collaborator, 
Dr. W. C. Finnerud, had reiTsed in the two preceding editions. 

The authors have added descriptions of 22 diseases not previously dealt 
with in the te.xt. The illustrations are generally good but some represent far 
from ty'pical examples of the dermatosis under consideration. 

The text is concise, sy’stematic and up-to-date. The reader is sujijilied 
with adequate recent bibliography’ as ivell as with some of the classic references. 

There are but few adverse criticisms one can make of this book. The sec- 
tion on syphUis, however, is somewhat weak, and, except for the demiatologie 
aspects, cannot be regarded as adequate for a full understanding of the disease. 
Certain minor errors, such as placing a discussion of sobistninol (page 960), a 
bismuth preparation for oral use, in the section on mercury, arc inevitable in 
so large a book as this. 

The Rex’iewer believes that Ormsby and Montgomciy’s revision of Onnsby s 
Diseases of the Skhi is to be highly recommended for medical students and 
practitioners. 


The Biological Action of the Vitamins. A Symposium. Edited by E. A. 

Evans, Jr., Associate Professor of Biochemistry, The University of Chicago. 

Pp. 227. Chicago: The University of Chicago Press, 1942. Price, S3.00. 

In connection with the Fiftieth Anniversary’ Celebration of the University 
of Chicago, the Universities of Wisconsin and of Chicago arranged a .sy'imio- 
sium on the rdtamins. One group of papers was presented at meetings Jicid 
in Madison, Wis., and has been published under the title "Tiic Respiratory 
Enzymes.” The present volume includes the papers presented^ at tlm Chicago 
meeting. Following a general discussion of the title topic by C. A. Elvehy ern, 
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there are stimulating discussions of a number of the Autamins by the foremost 
chemists, physiologists and clinicians working in this field. While all the 
papers are noteworthy, 3 are of special interest to those who have followed the 
progress of research in ^dtamin chemistry and physiologj^: the Biotin storj" 
related by du Vigneaud; Choline, by Wendell H. Griffith; and, The Economy of 
Phosphorus in the Animal Organism, by Franklin C. McLean. E. W. 


Chemotherapy op Gonococcic Infections. By Russell D. Herrold, 
B.S., M.D. Pp. 140; a few tables. St. Louis; C. V. Mosbj’^ Company, 
1943. Price, $3.00. 

The author presents a much needed volume on a subject of great impor- 
tance, especially in wartime. The treatment with sulfonamides has opened 
a new era in the handling of gonorrheal patients. Since the introduction of 
sulfanilamide in 1935, the literature has contained manj’^ reports on the effects 
of mdividual sulfonamides on small isolated groups of patients. By necessity, 
such reports are of importance in the earty evaluation of the drugs as they are 
presented. Herrold presents an experience derived from obserGng many 
hundreds of patients treated with various substances. He covers all phases 
of the approach and method of therapy of gonorrhea with sulfonamides. 

The book is complete and readable. It should be available to all physicians 
treating gonorrhea. L. LaT. 


The Food You Eat: A Practical Guide for Home Nutrition. By 
Samuel Glasstone, Professor of Chemistiy, University of Oklahoma, and 
ViOLETTB Glasstone, University of Oklahoma, Norman, Okla. Pp. 277; 
18 illus. Noiraan, Okla.; University of Oklahoma Press, 2943. Price, 
$2.25. 

Because perhaps of the wartime shortages and rationing of foods, public 
interest in this subject and its relation to good health has been greatly acceler- 
ated. This book is therefore appropriate at this time and gives the intelligent 
layman a readable account of the complex subject of nutrition, digestion, and 
the preparation of foods. Apjiroximately the first half of its contents is de- 
voted to the physiologj'^ of metabolism and food requirements, while the 
remainder is devoted to a discussion and evaluation of food products and the 
menu. The Reviewer believes that this book will find a useful jilace in the 
home of the concerned housewife; likewise, it answers many of the common 
food questions received by the practising phj'sician. D. T. 


Clinical Laboratory Diagnosis. By Samuel A. Levinson, M.S., M.D., 
Director of Laboratories and Pathologist, Research and Educational Hospi- 
tals, Chicago; Professor of Pathologj"^ and Assistant Professor of Medicine, 
University of Illinois College of Medicine; and Robert P. MacFate, Ch.E., 
M.S., Ph.D., Assistant Director of Laboratories, Research and Educational 
Hospitals, Chicago; Assistant Professor of Pathologjq University of Illinois 
College of jMedicine. Second ed. Pp. 980; 156 illus., 15 plates (7 in color). 
Philadelphia; Lea & Febiger, 1943. Price, $10.00. 

Retaining their objective of a laboratory" text which is relatively comprehen- 
sive and yet concise, practical, usable, and arranged to make the facts easily 
accessible, the authors have brought all data and procedures uj) to date, 
hlany of the newer procedures, such as those for the Rh factor, sulfonamide.s 
and phosphatase, have been added, and the text lias been enlarged and certain 
non-essential portions deleted. This volume remains, in the Renewer’s 
opinion, one of the best in print, triply as a text for students, quick reference 
book for practitionei-s, and laboratory manual for technicians and clinical 
pathologists. M. F. 
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OP BiocHEjnsTRT, VoL. XI. Edited bj- J.uies Muna^r 
EucK. Ep. /36. Galiforina: Stanford Universitj-, 1943. Price, S5.00. 
This re\'iew is along the same general lines as the prerioiis volumes. Manv 
of the same subjects are reideived such as chemistr}^ and metabolism of carbo- 
h} drates, fats and proteins. There are the usual t^vo chaptei's on 'Ndtainins 
one on biologic oxidations and reductions, one on lionnones, and so forth! 
As usual, a few subjects less frequently rerieived or received for the hrst time 
have been included. Among these may be mentioned the chapters on Tlie 
Chenustiy of Visual Substances, A\'ian Biochemistry and Plant Tissue Cul- 
tures. In spite of the war several foreign authore have contributed to this 
reidew and the usual high standard has been maintained. J, .1. 


PsYCHOLOGT 1,011 C.'iK UsE. By W'lLiiiAM H. RoBETiTS. Diagrams hv 
Jahies M-acDoxald, Pp. 246. A^ewYork: Harcourt, Brace A' Co., 194.1 
Price, S2.00. 

The e.vtremelj’- simple, almost monosj-Uabic language in which this book is 
UTitten goes a long way toward accomphshing the purpose for which it wa.s 
written. Fundamentally, it is a semiscientific introduction, for tlie kaianan, of 
the science of psychologj*. The popular conception of psychologA’ as being a 
studj' in "How to lYin Friends and Influence People” is exploded. Instead, 
the author gives clear, definite concepts of the importance of this science; why 
and how concrete reactions and stimuli affect the body and the mind and make 
the iudmdual react as he does. It is the explanation of beliarior and cxjieri- 
ence in a physical environment— much as a plant is studied in its physical 
surroundings, or any other liifing organism. 

This book can be recommended to the general lay public as a simple, scientific 
explanation of a science that still is clouded with a lot of iancy mysticism. 

‘E. F. 


Exdoscopic Prost-atic Surgery. Bj’ Roger W. Babxes, M.S., 11. D., 
F.A.C.S., Professor of Clinical Urologj-, College of Medical Evangelists; 
Chief of Urologj’ Service, IVhite Memorial Hospital and Out-Patient Clinic; 
Senior Attending Surgeon, Los Angeles Count.v Hospital. Pji. 23."); 104 
illus. St. Louis: C. V. Mosb}' Companj', 1943. Price, S6.00. 

This contribution is a much needed treatise on endoscopic prostatic surgery. 
The information presented could be obtained only bj' an exhaustii’e review of 
the literature, as well as i\ ide personal e.xperience. 

Anyone haidng done endoscopic prosfatic surgerj' realizes that the fecli- 
nique is not one that can be masteri^ by the study of any book. However, 
much trouble mav possiblv be avoided In' following the suggestion.^ that 
Dr. Barnes presents. This 'book should be available to even’ student of tiny 
logic surgen-, as well as to those who liave any jiart in the care of pro.static 
patients. La"^’- 


The Principles .vxn PmAcrncE of War Surgery With Reference to the 
Biological Method of the Tre.atjient of War Wounds a.vd Fractures. 
By J. Trueta, II.D., Fomierl.v Director of Surgerj', General Hospital of 
Catalonia, University of Barcelona; Assistant Surgeon (E.M.S.), Wmgficld- 
Morris OrthopaKlic Hospital, O.xford; Acting Surgeon-in-charge, Accident 
Sen'ice, Radcliffe Infirmarv, Oxford. Introduction by Owen H. Y angf.n- 
steen, M.D. Pp. 441; 144 illus. St. Louis: The C. V. Mosby Company, 
1943. Price, .?6.50. 

The author’s e.xtensive e.xperience in the Sp.anish Civil Y ar has given him 
definite and enthusiastic opinions regarding the value of the closra Poster 
method of treatment for compound fractures. He has adapted and inodiliea 
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this method, which has been most nddely knovTi in this country" as the Orr 
method, for use in many types of injury. 

The book is quite didactic and very readable. Some readers may be unable 
to agree with certain of the statements on physiological and biochemical sub- 
jects; for instance, “Blood pressure is the essential factor in the intensity of 
shock, and everything else must be related to it” (p. 133), or the statement 
in regard to burns, “Glycogen is often given off by the liver producing hyper- 
glycemia and acidosis . . . .” 

The book is absorbing to read and presents a large amount of most valuable 
clinical experience. The fact that it is based on experience gained in the 
management of the casualties of modern warfare would seem to make it of 
great practical value today, J. R. 


An Introduction to Biophysics. By Otto Stuhlman, Jr., Ph.D., Professor 
of Physics, University of North Carolina. Pp. 375; many figs, and tables. 
New York; John Wiley & Sons, Inc., 1943. Price, 84.00. 

This book is intended to meet “the increased demands for physics by 
students Avhose primarj'^ interests lie in the biological sciences.” The princi- 
pal topics covered include Roentgen rays, radio-activity, biologically active 
light, vision, auditory mechanisms, structure and properties of surfaces and 
membranes, and nerve conduction. 

The physics discussed largely concerns the instruments and methods em- 
ployed rather than the physical analysis of the properties of the biologic 
systems themselves. There is an extensive discussion of the physics of various 
kinds of radiations including artificial radio-activity. The optical system of 
the eye and mechanics of sound transmission in the ear are discussed. There 
is a chapter on the compound microscope and the electron microscope including 
the formulas for magnetic and electric focusing of electron lieams. There is 
also an analytical consideration of electron deflection in the cathode-ray 
oscillogi-aph. A generous bibliographj'^ is proidded for each chapter, and a 
series of problems offered at the end of the book. IM. L. 


Biochemistry and Morphogenesis. By Joseph Needham, F.R.S., Sir 

William Dunn Reader in Biochemistiy, and Fellow of Gonville and Cains 

College, Cambridge. Pp. 785; 328 illus. (4 of which in color). Cambridge: 

The University Press. New York: The Macmillan Company, 1942. 

Price, 812.50. 

This volume follows the author's “Chemical Embryologj’’” (1931), in which 
the chemical changes going on during embrjmnic development were presented. 
Since then a new approach to the problem of morphologic-chemical relation- 
ship has developed: namely, an investigation of morphogenetic substances. 
It is with this subject that the present work is concerned. 

The existence of these substances was revealed in the work of Ross Harrison, 
Warren Lewis, Hans Spemann, and Otto and Hilde Mangold. Since then, 
attempts to isolate the induction factors has progressed. The book is a stimu- 
lating one, written in a clear and understandable manner. Whereas the 
subject is still filled with irritating gaps in our knowledge, the general iiattern 
of morphogenesis and its chemical back^ound emerges more and inore clearly. 
The work is of importance to eveiymne interested in the biologic sciences. Its 
material is significant not only for the biochemist and emlirj'ologist. but al=o 
for the physiologist and pathologist; it comes as a fresh breeze to subjects 
somewhat overburdened with purely descriptive morpholog\'. Furthemiore. 
it serves as an introduction to the probable future course of development of 
the biologic sciences. 

The volume is divided into three parts. In Part I the morphogenetic 
substratum is considered, including such subjects as the constitution of the egg- 
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of inA’ertebrate^ and vertebrates, environmental factors and embr\'onic nufri- 
tion. In J art II, the major part of the book, the general concepts of morpho- 
genetic stmiulation are presented. Organizers and their specific functions 
are oiiiy dealt with, as well as the relation of organizers to genes. An interest- 
ing discussion of the possible role of organizers in carcinogenesis is includefl. 
In Part III, the morphogenetic mechanisms are considered: dissociabilitv 
heterau.vesis, respiration, metabolism and polarity. D. C.* ’ 


Proteins, Amino Acids and Peptides as Ions and Dipolar Ions. Py ISdwin 
J. Cohn and John T. Eds,4ll, Harvard iMedical School. Including Chapters 
by John G. Kirkwood, Cornell Universitj', Hans Mueller, Massachusetts 
Institute of Technologs^ J. L. Oncley, Harvard Aledical School, George 
S cATCHARD, Alassachiisetts Institute of Technolog}’. Pp. 6SC; iiiaii}- 
tables and figs. New York: Reinhold Publishing Corp., 1943. Price, 
S13.50. 

This American Chemical Society Alonograph, prepared b}’ such well-known 
investigators, is a most welcome evaluation of the endencc coiiccniing the 
size and shape of the molecules of amino acids, peptides and proteins and 
the number and distribution of the electric charges they bear. The implica- 
tions considered are of the effect of their charged stnicture upon their physical 
properties and their physico-chemical interaction irith other molecules. 

The fundamental studies of Debye and Hiickel, and of Bjerrum serve as the 
basis for the approach to protein chemisti^’ which is adopted liere. From the 
data collected upon the reactions of the simpler dipolar ions, conclusions and 
inferences are drawn which are applied in the more complicated study of 
proteins themselves. 

Proteins are highly specialized molecules in which certain general fcature.s 
of structure can be considered as established. Hemoglobin is an c.\ccllent 
e.vample of the relation of specialized biologic function and protein structure. 
Knowledge of the specific adaptations of other proteins may be c.vpcctcd when 
the fields of study elaborated in this monograph are c.xplorcd thoroiighi}'. 

Ever}’one interested in the jihysical chemistry of jiroteins will find this 
volume a necessity. H. V. 


Vascul.\r Spasm; E.vperiinental Studies. By Ale.xanoer .Ioiin Xedzel, 
jM.D., M.S., Associate Professor of Pathologj’. at the College of Medicine, 
University of Illinois, Chicago, III. Pp. 151;_1C1 figs. Urbaiia, III.; The 
University of Illinois Press, 1943. Price, S2.75. 

This monograph reviews the literature (with 300 references), and pre.sonts 
the results of an e.Ntcnded series of e.xperiments on the general subject of 
vascular spasm with special reference to endocarditis, gastric ulcer, liver ami 
kidneys, and multiple sclerosis. Pitressin was used intrayenou.4y to produce 
transient episodes of vasoconstriction in dogs. “Basic disturbance.-; spasm.-- 
in vascular beds- appeared in different regions and organs in vaiv-ing degrees, 
thus leading to the formation of lesions in widely .separated organs. The.-e 
lesions are bases for different diseases, and yet their etiolog}’ i.s the .-anie.’’ 
The author concludes that clinically those individuals with highly responsive 
and unstable vascular beds “have a di.stiirbed splanchno-pcripheral balance, 
their vascular rhythm is easily influenced, and the normal jicriods of increascfl 
tone are rcadilv exaggerated or supprc.«scd in the different regions and organs 
of the body.”' Thus the ultimate development of certain disca.se processes 
bv essentially the same cause. His e%’idcnce for endocarditis is finite convinc- 
ing, while that in the other organs is less impre.=sivc but re.a.'-onably suggestive. 
A large portion of the findings are shown in numerous microphotographs. 
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Neurosurgery and Thoracic Surgery. Military Surgical Manuals, Vol. 
VI. Prepared and Edited by the Subcommittees on Neurosurgery and 
Thoracic Surgeiy of the Committee on Surgerj'' of the Division of Medical 
Sciences of the National Research Council. Pp. 310; many figs. Phila- 
delphia: W. B. Saunders Company, 1943. Price, S2.50. 

Part I of this manual is designe'd primarily for medical officers who have had 
some training in neurosurgerj''; but the less specialized physician will find most 
of the infoi-mation valuable and necessary in the evaluation of head, spinal 
cord, and peripheral nerve injuries, as well as certain infections invohnng the 
nervous system. 

Part II deals with those aspects of thoracic surgeiy which are primaril}" 
the problems of advanced field and dressing stations. The fundamental 
mechanisms of physiopathology are stated clearly, and the basic principles of 
diagnosis and treatment are well defined. 

No medical officer could be called adequately infonned if he did not know 
most of the content in this manual, whether or not he is capable of acting in the 
capacity of neurosurgeon or thoracic surgeon. Civilian physicians and 
students will also find this to be an excellent review. The manual is written 
in outline form so that anj'' subject can be readily reviewed within a few 
minutes. T. T. 


War Injuries of the Chest. Edited by H. Morriston Davies, M.A., 
M.D., M.Ch,, F.R.C.S., and Robert Coope, M.D., B.Sc., F.R.C.P. 
Pp. 131; 36 figs. Baltimore: Williams & Wilkins Compan}^ 1942. Price, 
$ 2 . 00 . 

The stated object of this small book is “to give in concise form the reasons 
for and the details of the treatment of the various fomis of chest injuiy met 
with in warfai-e.” Although the reasons for -treatment have been fairly well 
dealt with, the details have not been well expressed. For the physician who 
desires in an hour or two to gain a general concept of chest injuries and their 
management this sliould serve his purpose well. T. T. 


NEW BOOKS 

Synopsis of Diseases of the Skin. By Richard L. Sutton, jM.D., Emeritus 
Professor of Dermatologj'^, University of Kansas Medical School; and 
Richard L. Sutton, Jr., M.D., Assistant Professor of Dennatolog}', Uni- 
versity of Kansas Medical School. Pp. 481; 413 illus. St. Louis: C. V. 
Mosby Company, 1942. Price, .$5.50. 

The Emhryologieal Treatises of Hieronymus Fabricius of Aquapendenie . A fac- 
simile edition, ivith an introduction, a translation, and a comnientar}’ bj' 
Howard B. Adelmann, Professor of Histology and Embryolog>% Cornell 
University. Pp. 883; 85 figs. Ithaca, N. Y.: Cornell University Press, 
1942. Price, 812.00. Reviewed in this issue, p. 879. 

Selection of Officer Candidates. 1. Studies in the Relation of I’ei-sonality to 
Field of Work. From the Grant Study, Dejiartmcnt of Hygiene, Harvard 
University, Wileiaw L. Woods, M.D., Lucien Brouha, M.D., Care 
Seetzeh, Ph.D. Pp. 46; 10 figs. Cambridge, Mass.: Harvard Univer- 
sity Press, 1943. Price, 75 cents. 

A short, coiu'iso rommimicutioa with discussion, description ami results of nietiiods 
used and recommended for selection of officer candidates upon the basis of tliree inter- 
related tests: 1, physical fitness; 2, short interview; and, 3, ‘‘tnasculine comiioneyt" 
evaluation. Charts, yraphs and forms used in the metliod are also included. The 
monograph should be interesting to those selecting officer candidates. H. H. 
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Modern Trends in Ophthalmology. Edited by Frederick Ridley and Arxold 

fodn^^ V ® Piates. First publislied in Great Britain, 

1940 A ew lark: Paul B. Hoeber, Inc., iMedicai Book Dept, of Harper A 
Brothers, 1943. Pnce, SIO.OO. 

Mind, Median^ and Man. By Gregory Zilboorg, iM.D. Foreword bv 

il-D. Pp. 344. New York; Harcourt, Brace *fc 
Co., 1943. Pnce, $3.50, 


Mamid of htdiislrial Hygiene and Medical Sendee in TFar Industries. Edited 
M. Gafafer, D.Sc. Issued under tlie auspices of tlie Com- 
nnttee on Industrial Medicine of the Di\-ision of Medical Sciences of the 
FTational Research Council. Prepared bv the Din'sion of Industrial 
Hygiene, National Institute of Health, U.‘ S. Public Health Senace A 
composite book with 16 distributore. Pp. SOS; 20 illus. Philadehihia and 
London; IV. B. Saunders Company, 1943. Price, S3.00. 


NEW EDITIONS 

Laboratory Experiments in Physiology. Bj- IV. D. Zoethout, Ph.D., Professor 
of Ph 3 ’-siologj' in the Chicago College of Dental Surgerj- (Lo.vola University). 
Third ed. Pp. 256; S8 illus. St. Louis: C. V. Mosbv Com pan v, 1943. 
Price, S2.2o. 

On Growth a7id Form. By Sir D’Arci' IVen'tworth Tho.mrso.v. Ren’sed 
and enlarged ed. Pp. 1116; 554 figs. Cambridge; Universiti’ J’ro.ss. 
New York: The Macmillan Compan}', 1942. Price, S12.50. 

Brucellosis in Man and Animals. By I. Forest Huddleso.v, D.V.M., M.S., 
Ph.D., Research Professor in Bacteriology, Michigan State College. Con- 
tributing Authors, A. I’’. H.iR»Y, M.S., M.D., Dn.P.H., Associate Professor 
of Epidemiolog}-, DeLamar Institute of Public Health, Columbia University 
Medical School, Consultant, U. S. Public Health Sendee; J. E. Debono, 
M.D., M.R.C.P., Professor of Phamiacologj' and TJierajieutie.s, Ro^-al 
Universitj* of Malta; W.a.rd Giltxer, D.V.M., M.S., Dn.P.H., Dc.an of 
Veterinarj' DiHsion and Professor of Bacteriologj-, Michigan State College. 
Third ed. Pp. 379; 37 figs. New York; The Commonwealth Fund, 1943. 
Price, S3.50. 

Text-book of Pathology. B\' IVillu.m Boyd, M.D., LL.D., M.R.C.P. (Edix.), 
F.R.C.P. (Loxd.), Dim. Psych., F.R.S.C., Professor of Pathologj' and 
Bacteriologj- in the Universit.v of Toronto, Toronto; Fonnerly Profe.^sor 
of Patholog}' in the Universit.v of Manitoba, Winnipeg, Canada. Fourth ed. 
Pp. 1008; 490 engraHngs (29 colored plates). Philadelphia: Lea & Febiger, 
1943. Price, SIO.OO. 

Neurology. By Roy R. Gri.xker, M.D., Chainnan, The Department of 
Nem-opsvchi’atr}- of the Michael Reese Hospital, Chicago. With the a.s-ji.-;- 
tance of Norm.a.x A. Levy, M.D., Associate Neurojis.vchiatrist, .Michael 
Reese Hospital. Chapter on Brain Tumors by P.\ul C. Buoy, AI.D., 
lYofessor of Neurologj- and Neurological Surgery, Univer.-iit.i'^ of Illinoi.< 
College of Medicine, Chicago. Third ed. Pp. 1 136; 416 fig.-'. Springfield, 
III.; Charles C Thomas, 1943. Price, ?6.n0. 

Primer of Allergy. By W.^RREX T. V.vugh.\x, M.S., M.D., Richmond, Va. 
With illustrations b.v JoH.v P. Tillery. Second ed. Pp. 170. St. Diui-i; 
C. V. Mosb.v Coinpan 3 -, 1943. Price, §1.75. 

This small volume continue.s to Kivc the allorcir natient a general uiuler.'tamhiiC 
of the nature of allcrsic diseases in an interestinc and dclichifu! maimer. It i-* 
eially appropriate in tliat nio.«t physieians are un.ahle to take time to di-euj-j m iiuk Ii 
detail the ehanicter of this disease and its manattement to their palieril.s. 1 lie author 
is aware of the individuality of the practice of medicine, and ley''. likewiH", i>ri"M'iiieil 
ins material with this in mind. This book is well ns-ommended and .-houhl hnd a 
ii.-eful place in both the home and the re»-eption room. 
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The Epidemiology of Rheumatic Fever and Some of Its Public Health Aspects. 
By John R. Paul, M.D., Professor of Preventive ]\Iedicine, Yale University 
School of Medicine, and Other Contributors. Second ed. For the American 
Heart Assn. Pp. 163 ; various tables and figs. Printed by the Metropolitan 
Life Insurance Company. Copies will be sent without charge to physicians 
upon request. Address inquiries to the American Heart Assn., Inc., 1790 
Broadway, New York. 

Rheumatic fever, as one of the most important problems of heart disease — in 
fact, of internal medicine as a whole — has appropriately been the subject of many 
excellent studies in recent years. These have brought forth so much new information 
about the varied aspects of the disease since 1928, that again the American Heart 
Association has published this detailed statement on its epidemiology, the publication 
having again been made possible by a grant from the Metropolitan Life Insurance 
Company. Edited and largely composed by one who has himself contributed so 
much to this phase of the subject, it is the most authoritative statement available, and 
one that is a necessary tool for all progressive internists and public health specialists. 

In this second edition, with a new title. Part I covers its Nomenclature, Definition, 
a Historical Review, and the relations of the disease to hemolytic streptococcus infec- 
tion. In Part II, various epidemiological factors are discussed; and in Part III the 
Public Health aspects. Four appendices on techniques of study precede a list of some 
318 recent references. 

Though many copies of this edition have apparently already been distributed, a 
prompt inquiry addressed to the American Heart Association will probably not be 
in vain. E. K. 

Blood Groups and Transfusion. By Alexander S. Wiener, A.B., M.D., 
Serologist and Bacteriologist in the Office of the Chief Medical Examiner of 
New York City, Head of Transfusion Division, Jewish Hospital of Brooklyn, 
N. Y. Third ed. Pp. 438; 69 figs., 106 tables. Springfield, 111., and 
Baltimore, Md.: Charles C Thomas, 1943. Price, S7.50. 


Notice to Contributors. Manuscripts intended for publication in the Ameiucan 
J ouRNAE OF THE Medical SCIENCES, and correspondence, should be sent to the Editor, 
Dr. Edward B. Krumbhaar, School of Medicine, University of Pennsylvania, Phila- 
delphia, Pa. Articles are accepted for publication in the American Journal or the 
Medical Sciences exclusively, except in the case of subsequent publication in Society 
proceedings. 

Instructions to Contributors. Manuscripts should be tiTJewritten on one side of 
the paper only, and should be double spaced with liberal margins. The author’s chief 
position and, when possible, the Department from which the work is produced should 
be indicated in the subtitle. Illustrations accompanying articles should be numbered 
and have typed captions bearing corresponding numbers. For identification they 
should also have the author’s name written on the margin or back. The recommenda- 
tions of the American Medical Association Style Book should be followed. References 
should bo numbered and at the end of the articles, arranged alphabetically according 
to the name of the first author and should be complete, that is, author’s name, journal, 
volume, page and year (in Arabic numbers) . 

Return Postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 


NEW NOTICE TO CONTRIBUTORS AND SUBSCRIBERS 

Activated by a directive from the War Production Board, we are changing the sir.c of 
our type page for the “duration” to effect an economy in the amount of paper used. 
While there is a lesser number of pages, the amount of material has not been noticeably 
reduced. 

We hope that any unpleasant effect produced by cutting down the margins will bo 
accepted and approved by readers as a temporarj' war casualty. It is possible that 
more radical changes will have to be made later, but wc arc loath to change any more 
Ilian absolutely necessarj’, a format that has existed practically unchanged since the 
Journal began in 1820. 

For the balance of the war, 150 reprints will be supplied gratis. Covers will be omitted 
on all articles. In ordering additional reprints, we will supply in multiplci of 150. 
This modification is for the same reason as the change of format, i. c., consen'ation of 
paper. 




INDEX 


A 

Abel, M. S., The epecific dynamic action 
of protein, 414 

Abell, R. G., Page, I. H., Vascular reac- 
tions: (!) during shock; (2) following 
removal of large amounts of blood, 309 
Abels, J. C., see KIopp, C. T., S52 
Absorption of sulfadiazine after oral and 
intraperitoneal administration in dogs 
and after intraperitoneal and local ad- 
ministration in man, 376 
Absorption rate from the bone marrow. 
The, 187 

Achylin pancreatica; fat and protein ab- 
sorption with and without replacement 
therapy. Postoperative, IIS 
Adams, E. G., see Guiou, C. M., 33 
Adams, Al. A., Taylor, F. H. L., The 
thrombie activity of a globulin fraction 
of the plasma proteins of beef, swine 
and human blood, 538 
Adcock, .T. D., sec Talbot, T. R., 841 
Adrenal cortex, Focal necrosis of the, 549 
Adrenalin, with particular reference to 
the hematocrit percentage and the 
hemoglobin concentration of theerj'th- 
rocytes, before and after splenic arter- 
ial injection of. A study of the splenic 
venous blood, 493 

Adrenaline and sympat homimeticamincs 
upon total botlv water, The effect of, 
532 

Age, race and se.x, gallop rhythm. Inci- 
dence and the influence of, 814 
Aged, blood studies in the. The erythro- 
cj-te in the aged male and fennile, 677 
Aged, Relationship of niacin (nicotinic 
acid) to porphj'rinuria in the, 209 j 

Alkalosis, Intravenous ammonium chlo- 
ride for tlie treatment of, 756 J 

Allen, .1. G., Clinical e.xperience with a i 
water soluble vitamin K-likc substance, I 
97 , 

Alpers, B. .1., Gaskill, H. S., Weiss, B. P., 
The problem of primarj- sciatic neuri- , 
tis, 625 

Ambrose, A. M., Griswold, R. A., Hamit- , 
ton, .1. E., Absorption of sulfadiazine j 
after oral and intraperitoneal adminis- 
tration in dogs and after intraperito- 
ncal and local administration in man, 
376 

Ammonium chloride for the treatment of 
alkalosi.s Intravenous, 756 
Amphetamine sulfate on weight reduc- 
tion, Studies on the effect and mech.an- 
ism of, 820 

Anderson, T. F., Electron micro.=cope ■ 
studics of bacteriophage, 467 ' 


Androgens, Estrogens and, 735 
Angiocardiography, 747 
Angioid streaks of the fundus oculi, 301 
Angiotonin (etc.) on cardiac output as 
nieasured by the ballistocardiograpli 
in h}'pcrtensirr and normal persons, 
The effect of antipre.ssor kidnev e.\- 
tract, 66 

Angrist, .4., see Mitchell, X., .549 
Antibacterial action of the lactic acid 
and volatile fatfv acids of .sweat, The, 
785 ‘ 

Anfipres.sor kidney extract, angiotonin 
(etc.) on cardiac output as mcasiircfi 
by the ballistocardiograpli in hyper- 
tensive and normal persons, The efl'ecl 
of, 66 

Aortic rereptor areas, The resiiiratory 
reactions to liypoxia in dogs with de- 
afferented carotid and, 311 
Appcndiciti.s, bate postoperative follow- 
up studie.s on patients with recurrent, 

' 334 

Armstrong,,!, C.,srr McGuinness, A. C'., 
826 

Arnett, J. H., Medication by ehewing 
.sulfadiazine and other dnigs incorpo- 
rated in a paraffin base, 6 
Arsenic poisoning with ndcgualc blood 
supply to the tissues, A c.ase of extreme 
hypotension following aeiite, 730 
Arteriosclerosis of the renal artery and 
hvpertension, Relationship between, 
701 

Arthritis and rheumatic heart disease in 
autopsied cases. Rheumatoid, 42 
Asthma in the white and negro, Inci- 
denre of hroncliial, 675 
Aycock, W. L., Ke.ssel, .1. }'., The infec- 
tious period of poliomyelitis and vinis 
detection, 454 

B 

B.ACTEni.^i, "oral cold vaccine,” A .‘•liidy 
on the value of a mixed, 687 
Bactericidal agent.s, Tissue culture .stud- 
ies on cytotoxicity of. I. Kffccts of 
gramicidin, tyrocidirio and penicillin 
on ciihurcp of mammaiian lymph node, 
1,57 

Bactcriopliagc, Electron microscope stud- 
ies of, 407 

Balli.stocardiograph in hypi'rtensive and 
nomi.al persons, The effect of nntipres- 
sor kidney o.vtraet, angiotonin (etc.) on 
cardiac output 0 = mea-siired by the, 66 
Barer, A. P., Fowler, \V. M., The effect 
of iron on the hemoglobin regeneration 
in blood donor?, 9 



INDEX 


889 


Bayles, T. B., Rheumatoid arthritis and 
rheumatic heart disease in autopsied 
oases, 42 

Beef, swine and human blood. The throm- 
bic activity of a globulin fraction of 
the plasma proteins of, 538 
Beerman, H., Pinta — a review of recent 
ctiologic and clinical studies, 611 
Bellet, S., see Drabkin, D. L., 755 
Bennett, R. H., see Loughlin, E. H., 223 
Bergeim, 0., Cornbleet, T., The anti- 
bacterial action of the lactic acid and 
volatile fatty acids of sweat, 785 
Bernhart, F. W., Schneider, R. W., A 
new test of liver function— the tyro- 
sine tolerance test, 636 
Bingham, .1. B., Meyer, 0. 0., Howard, 
B., studies on the hemorrhagic agent 
3,3'-methylenebis (4-hydroxycouma- 
rin). Part III. A report on further 
clinical observations, 587 
Block, Bilateral partial bundle branch, 
233 

Blood and serum. The specific gravity of 
whole, 356 

cholesterol in normal and obese indi- 
viduals, The effect of a test meal 
high in fat on, 77 

coagulation, A platelet-red cell con- 
jugation phenomenon and its rela- 
tion to, 562 

donors. The effect of iron on the hemo- 
globin regeneration in, 9 
dyscrasias. Hemothorax in, 692 
factor Rh, Erythroblastosis fetalis 
and the, 369 

in the extremities on the venous pres- 
sure of normal subjects. The effect 
of the accumulation of, 501 
studies in the aged. The erythrocyte 
in the aged male and female, 677 
Bloomfield, A. L., Lew, W., Prevention 
of infectious ulcerative cecitis in the 
young of rats by chemotherapy of the 
mother, 383 

Body water. The effect of adrenaline and 
sympathomimetic amines upon total, 
532 

Boehrer, J. J., Stanford, C. F., Ryan, E., 
Experimental riboflavin deficiency' in 
man, 544 

Bone marrow. Absorption rate from the, 
187 

Lcukocy'tosis induced by methyl- 
acetamide with p-chloro-xylenol. 
Chemotactic effect on, 82 
studies in normal Macacus rhesus 
monkeys. Aspirated, 581 
Bolt, P. A., The determination of sod- 
ium in the glomerular fluid of necturi, 
153 

Bower, L. E., see Bronstein, I. P., 114 
Boyd, E. M., Johnston, G. M., Palmer, 
B., The effect of adrenaline and sym- 
pathomimetic amines upon total body 
water, 532 

Brower, G., see Chambers, A. H., 311 


Bromberg, Y. M., see Zondek, B., 82 
Bronchial asthma in the white and negro. 
Incidence of, 675 

Bronstein, I. P., Bower, L. E., Murphy', 
J., Familial cretinism, 1 14 
Bruger, M., see Oppenheim, E., 77 
Bundle branch block, Bilateral partial, 
233 

Burn shock. Efficacy of gelatin in experi- 
mental hemorrhage and, 876 
Burn-shock, Capillary' permeability to 
horse protein in, 753 
Btirns of limited areas. The use of hex- 
ene-ol in, 125 

Butler, M. K., see Jacobs, M. H., 154 

C 

Campbell, H. A., see Shapiro, S., 808 
Capillary fragility in the newborn. The 
occurrence of abnormal, 229 
permeability' to horse protein in burn- 
shock, 753 

Carbon monoxide. The effect of replace- 
ment of normal blood by erythrocytes 
saturated with, 755 

Cardiac arrhythmias, The use of ouabain 
in rapid, 190 
cirrhosis, 515 

output as measured by the ballisto- 
cardiograph in hypertensive and 
normal persons, The effect of anti- 
pressor kidney extract, angiotonin 
(etc.) on, 66 

Cell surface, Some effects of tannic acid 
on the, 1 54 

Chambers, A. H., Brewer, G., Daven- 
port, H. W., Goldschmidt, S., The 
respiratory' reactions to hypoxia in 
the normal unanesthetized dog, 311 
Chappie, C. C., see Harris, T. N., 1 
Chemotactic effect on bone marrow, 
Leukocy'tosis induced by' methyl- 
acetamide with p-chloro-xy'lenol, 82 
Chemotherapy by sputum examination. 
The selection and control of serum 
and, Pneumococcic pneumonia: 771 
of the mother. Prevention of infectious 
ulcerative cecitis in the y'oung of 
rats by', 383 
Child in war, The, 858 
Cholesterol in the lung and serum of nor- 
mal pneumonic rats, 525 
Circulation, Clinical studies on incoordi- 
nation of the, 878 
Cirrhosis, Cardiac, 515 

of the liver, Malignant tumors in per- 
.sons with, 798 

Clark, J. K., sec Murphy, F. D., 717, 846 
Clark. W. G., sec Strakosch, E. A., 518 
Climenko, D. R., sec C^orham, L. W., 2-16 
sec Ly’ons, J. J. A., 703 
Clinicai aspects of recent vitamin ad- 
vances, Some, 141 

and electrocncephalographic observa- 
tions in severe cpilep-y under treat- 
ment, 388 



890 


IKDEX 


Cliiucal experience with a water soluble 
vitamin K-like substance (tetra- 
sodium 2-methyl-l ,4-naphthohydro- 
quinone diphosphoric acid ester), 97 
studies on incoordination of the circu- 
lation, 878 

Clot retraction time in thrombophlebitis 
and pulmonarj’ embolism, 727 
Coffey, W. L,, see Hirschboeck, J. S., 727 
Cold vaccine, A study on the value of a 
mixed bacterial oral, 687 
Communicable diseases, Vacuum dried 
human serums in the prevention and 
treatment of certain of the common, 
826 

CordiU, S., sec Goldsmith, G. A., 204 
Cornbleet, T., see Bcrgeim, 0., 785 
Cornell, N. W., see Lake, M., 118 
Cortex, Focal necrosis of the adrenal, 549 
Cretinism, Familial, 114 
Crider, J. O., Thomas, J. E., A further 
study of the effect of vagotomy on the 
secrctor}’ response of the pancreas to 
peptone, 466 

Currens, J. H., Popp, W. C., Xanthoma- 
tosis— -Hand-Schuller-Christian type; 
Report of a case with pulmonarj’ ffbro- 
sis, 780 

Cysts following intramuscular injection 
of vegetable oils, Production of, SI2 


Distribution of the patterns of. Ventricu- 
lar potential, which determine the 
forms of significance of electrocardio- 
grams, 469 

Dog, The respiratorj- reactions to hy- 
poxia in the normal unanesthetir.c'd, 
311 

Dogs and after intraperitoneal and local 
administration in man, Absorption of 
sulfadiazine after oral anti intraperifo- 
neal administration in, 376 
Dorfman, F., see Foster, C., 465 
Dowling, H. F., Hartman, C. H., Fold- 
man, H. A., ,icnkins, F. A., The com- 
parative value of high and low dosc.s of 
Sulfadiazine in the treatment of pneu- 
mococcic pneumonia, 197 
Drabkin, D. L., Lewey, F. H., Rellel, 8., 
Ehrich, W. H., The effect of replace- 
ment of normal blood by eiythrocytes 
saturated with carbon monoxide, 755 
Dresbach, M., An investigation on the 
origin of glycoside emesis, 754 
Dynamic action of protein, Tlic specific, 
414 

Dyscnisias, Hemothorax in blood, 692 


E 


D 


Dameshek, W., Familial Mediterranean 
target-oval cell syndromes, 643 
Davenport, H. W., see Chambers, A. II., 
311 

Davidson, C. S., MacDonald, H., a criti- 
cal study of the action of 3-3'-melhyl- 
cnebis (4-hydroxycoumarin) (dicou- 
marin), 24 

Do Beer, E. J., see P.age, R. C., 257, 812 
Dcaffcrcnted carotid and aortic receptor 
areas. The respiraton,' reaction to 
hypoxia in dogs with, 31 1 
Dehydr.ation in diabetes. The water and 
clcctroh-te distribution in diabetes 
meUitus, 102 

Derbes, V. .1., Engelhard!, H. T., Inci- 
dence of bronchial asthma in the white ' 
and negro, 675 | 

Diabetes mellitus, The water and electro- , 
lyte distribution in. Dehydration in | 
diabetes, 102 I 

Diaz-Rivera, R. S., see Suarez, R. M., j 
.581 I 

(Dicoumarin), A critical study of the 
act ion of 3-3'-met bylencbi.s (4-hyflro.xy- | 
coumarin), 24 i 

Diet and food int.ake on response of mice i 
to murine poliomyelitis vini' (Ean'-ing j 
strain). Effect of, 405 I 

Disseminated lupus eiythematosus. Six . 
autopsied cases of, 33 


Eckstein, D., see Lisa, .1. R., 701 
Edciken, .1., Extreme tachycardia: with 
report of non-fatal paroxysms follow- 
ing myocardial infarction, 52 
Edwards, G. A., The influence of season 
and temperature upon the o.xygen con- 
sumption of the sand emh] Emeritn 
talpoida say, 310 

Edwards, H. R., Tuberculosis in indus- 
trj', 571 

Ehrich, \V. n., sec Drabkin, D. L., 7.55 

Electrocardiograms, Distribution of the 
patterns of ventricular potential which 
determine the forms and significance 
of, 469 

Electroencephalographie ob=en'ations in 
severe epilepsy under treatment. Clini- 
cal and, 388 

Electrolyte distribution in diabetes mcl- 
litiis. The water and. Dehydration in 
diabetes, 102 

Electron microscope studies of bacterio- 
phage, 467 

Elliot, A. If., see Gray, P. .4., .356 
Embolism, clot retraction time in throm- 
bophlebiti.s and pulmonary, 727 
Emerila lalpmdn say. The influence of 
season and temperature upon the oxv- 
gen consumption of the sand craii, .310 
Eme.=is, An investigation on the origin 
of glycoside, 754 

Engcih'ardt, II. T., see Derbes, V. .1., 67.5 
Epilepsy under treatment. Clinical ainl 
electrocnrepiiaiograpliic ob-en'.atiori- 

in severe, , , , 

En-throbla.=fo=is fetalis and the IiFskI 

factor Rli, 369 



INDEX 


891 


Erythrocyte in the aged male and female, 
The. Blood studies in the aged, 677 
sedimentation rate. The predictability 
of the character (increased or nor- 
mal of the), ^41 

Erythrocytes of guinea pigs, Toxic effects 
of promin (sodium P,P'-diaminodi- 
phenyl-sulfone-N,N'-didextrose sul- 
fonate) on the, 834 

saturated with carbon monoxide. The 
effect of replacement of norma! 
blood by, 755 

Estrogens and androgens, 735 

Etiology and pathogenesis of acute hem- 
orrhagic pancreatitis. The, 277 


F 

Fabricant, N. D., The surgical treatment 
of otosclerosis, 604 

Fabricant, N. D., Van Alyea, O. E., A 
note on the evaluation of privine HCl 
as a nasal vasoconstrictor, 122 
Familial cretinism, 114 
Mediterranean target-oval cell syn- 
dromes, 643 

Family history in arterial hypertension. 
A study of 4376 insurance examina- 
tions, The, 61 

Fat and protein absorption with and 
without replacement therapy. Post- 
operative achylia pancreatica, 118 
on blood cholesterol in normal and 
obese individuals, the effect of a test 
meal high in, 77 

Fatty acids of sweat, The antibacterial 
action of lactic acid and volatile, 785 
Favour, C. B., Ornithosis (psittacosis). 
A report of 3 cases, and a historical, 
clinical, and laboratory comparison 
with human atypical (virus) pneu- 
monia, 162 

Febrile reactions resulting from the re- 
administration of sulfadiazine, 841 
Feldman, H. A., sec Dowling, H. F., 197 
Feldt, R. H., Wenstrand, D. E. W., The 
family history in arterial hypertension. 
A study of 4376 insurance examina- 
tions, 61 

Fer-de-lance venom. The clotting action 
of, 16 

Fibrinolysin test following hemolytic 
streptococcal infections. The, 350 
Flanagan, M. E., see Loughlin, E. H., 223 
Flaxman, N., Treatment of the hyper- 
tensive patient in the pre-cardiac 
stage, 696 

Flippin, H. F., sec Murphy, F. D., 717, 
846 

Focal necrosis of the adrenal cortex, 549 
Foster, C., Jones, J. H., Henle, W., 
Dorfman, F., Effect of diet and food 
intake on response of mice to murine 
poliomyelitis virus (Lansing strain), 
465 

Fowler, W. M., sec Barer, A. P., 9 


Freed, S. C., Estrogens and Andi'ogens, 
735 

Freedman, P., Levine, S., Solis-Cohen, L., 
Hemothorax in blood dyscrasias, 692 
Friedlander pneumonia, Primaiy, 660 
Frisch, A. W., Price, A. E., Myers, G. B., 
Pneumococcic pneumonia; The selec- 
tion and control of serum and chemo- 
therapy by sputum examination, 771 

G 

Gallop rhythm. Incidence and the influ- 
ence of age, race and sex, 814 
Gangrene, The therapy of exi^erimen- 
tally induced. Part I, a method of 
testing local antiseptics in vivo, 709 
Garvin, C. F., Gallop rhythm. Incidence 
and the influence of age, race and sex, 
814 

Garvin, Curtis F., Cardiac cirrhosis, 515 
Gaskill, H. S., see Alpers, B. J., 625 
Gastritis and peptic ulcer, Some observa- 
tions on, 328 

Gastroscopy in the diagnosis of gastric 
disease, The present position of, 792 
Gefter, W. I., Leaman, W. G., The use 
of ouabain in rapid cardiac arrhyth- 
mias, 190 

Gelatin as a plasma substitute, studies 
on. I. Efficacy of gelatin in experi- 
mental hemorrhage and burn-shock, 
876 

in experimental hemorrhage and burn- 
shock, Efficaej'^ of, 876 
Observations on toxicity and elimina- 
tion of, 876 

Gitlow, S., see Newman, B., 677 
Globulin fraction of the plasma proteins 
of beef, swine and human blood. The 
thrombic activity of a, 538 
Glomerular fluid of necturi. The deter- 
mination of sodium in the, 153 
Glycoside emesis. An investigation on 
the origin of, 754 

Gochring, W. O., A case of toothpick 
perforation of the intestines, 807 
Goldman, D., Clinical and eleetroen- 
ccphalographic observations in severe 
epilepsj' under treatment, 388 
Goldschmidt, S., sec Chambers, A. H., 
311 

Goldsmith, G. A., Cordill, S., The vaso- 
dilating effects of nicotinic acid (rela- 
tion to metabolic rate and body tem- 
perature), 204 

Gorham, L. W., sec Lyons, J. J. A., 703 
Gorham, L. W., Projjp, S., Schwind, J. 
L., Climenko, D. R., Thrombocyto- 
penic purjjura caused by sulfonamidi' 
drugs. A report of 3 cases, 246 
Gramicidin, tyrocidine and penicillin on 
cultures of mammalian lymph node. 
Effects of. Tissue culture studies on 
cytotoxicity of bactericidal agents, 1.57 
Gray, P. A., Elliot, A. II., The specific 
gravity of whole blood and serum, 356 



S92 



part, Y-' I, “‘Jt'ftioi, „ 

Per,. /o'!;?'''!"'- 'n-j/'. of 

Ag5;j 


I. J^p/eriiV’"®^' •*'»/ file “T '“’"lap. 

„ S'?;”" 

J., «)2 

•''’iiarc^, /; 



INDEX 


893 


J 

Jacobs, M. H., Stewart, D. R., Butler, 
M. K., Some effects of tannic acid on 
the cell surface, 154 

Javert, C. T., Macri, C., Kuder, K., 
Minerals and the toxemias of preg- 
nancy, 399 

Jenkins, F. A., see Dowling, H. F., 197 
Johnston, G. M., see Boyd, E. M., 532 
Jones, J. H., see Foster, C., 465 
Jones, Ralph, The etiology and patho- 
genesis of acute hemorrhagic pancreat- 
itis, 277 

K 

Radish, M. A., see Mankin, V., 363 
Kalkstein, M., see Solomon, S., 765 
Kariher, D. H., Spindler, H. A., Erythro- 
blastosis fetalis and the blood factor 
Rh, 369 

Kauer, G. L., Bird, R. M., Reznikoff, P., 
The clotting action of fer-de-lance 
venonu 16 

Keefer, C. S., see Rammelkamp,- C. H., 
342 

Kessel, J. F., see Aycock, W. L., 454 
Kety, S. S., Letonoff, T. V., The treat- 
ment of lead poisoning by sodium 
citrate, 406 

Kidney extract, angiotonin (etc.) on 
cardiac output as measured by the 
ballistocardiograph in hypertensive 
and normal persons. The effect of anti- 
pressor, 66 

Kohlstaedt, K. G., sec Page, I. H., 730 
Klopp, C. T., Abels, J. C., Rhoads, C. P., 
The relationship between riboflavin 
intake and thiamin excretion in man, 
852 

Koop, C. E., Riegel, C., Vars, H. M., 
Ratcliffe, H. L., Parkins, W. M., 
Lockwood, J. S., Studies on gelatin 
as a plasma substitute. II. Observa- 
tions on toxicity and elimination of 
gelatin, 876 

Kopp, I., Solomon, H. C., Liver function 
^ in therapeutic malaria, 90 
Kuder, K., see Javert, C. T., 399 
Kunstadter, R. H., Necheles, H., Studies 
on the effectand mechanism of amphet- 
amine sulfate on weight reduction, 
820 

L 

Labor, Measurements of uterine contrac- 
tions of 105 patients throughout, 153 
Lactic acid and volatile fatty acids of 
sweat. The antibacterial action of the, 
785 

Lake, M., Cornell, N. W., Harrison, H. 
E., Postoperative achylia pancrcatica; 
Fat and protein absorption with and 
without replacement therapy, 118 
Langendorf, R., see Strauss, S., 233 

VOL. 205. ^•o. 6 — Jo'E, 1943 


Lead poisoning by sodium citrate, The 
treatment of, 406 

Hypertension following chronic; ex- 
perimental study, 466 
Leaman, W. G., see Gefter, W. I., 190 
Leg ulcers with blood and concentrated 
plasma. Treatment of, 489 
Leibovitz, A., see Yannet, H., 350 
Leiter, S., see Netsky, M., 753 
Letonoff, T. V., see Kety, S. S., 406 
Leukocytosis, Chemical fractionation 
from exudates of a factor promoting, 
363 

induced by methyl-acetamide with P- 
chloro-xylenol. Chemotactic effect 
on bone marrow, 82 

Levine, B., The use of hexene-ol in burns 
of limited areas, 125 
Levine, S., see Freedman, P., 692 
Lew, W., see Bloomfield, A. L., 383 
Lewey, F. H., see Drabkin, D. L., 755 
Lindauer, M. A., see Griffith, J. Q., 466 
Lisa, J. R., Eckstein, D., Solomon, C., 
Relationship between arteriosclerosis 
of the renal artery and hypertension, 
701 

Liver function in therapeutic malaria, 90 
function — the tyrosine tolerance test, 
A new test of, 63 

Malignant tumors in persons with 
cirrhosis of the, 798 

Livezey, M. M., sec Wolferth, C. C., 154, 
469 

Lockwood, J. S., see Koop, C. E., 876 
sec Parkins, W. M., 876 
Loughlin, E. H., Bennett, R. H., I’lana- 
gan, M. E., Spitz, S. H., Relative ab- 
sorption and conjugation of 9 com- 
pounds by humans during a 3-hour 
period. (Free and conjugated blood 
level determinations during a 3-hour 
period following peroral administra- 
tion of the acid salts alone, the acid 
salts with sodium bicarbonate, and the 
sodium salts of sulfapyridine, sulfa- 
thiazole, and sulfadiazine), 223 
Lung and serum of normal pneumonic 
rats. Cholesterol in the, 525 
' Lupus erythematosus. Six autopsied 
cases of disseminated, 33 
Lymph node. Effects of gramicidine, 
tyrocidinc and pencillin on cultures of 
mammalian. Tissue culture studies on 
cytotoxicity of bactericidal agents, 157 
Lyons, J. ,T. A., Climenko, D. R., Gor- 
ham, L. W., The subcutaneous ad- 
ministration of sodium sulfathiazole 
in various clinical conditions, 703 

M 

MacDonald, H., sec Davddson, C. S., 24 
hlachella, T. E., ^IcDonald, P. R., Stud- 
ies of the B vitamins in the human 
subject. VI. Failure of riboflavin thcr- 
apj' in patients with the accepted pic- 
ture of riboflavin deficicnej', 214 
Macri, C., see Javert, C. T., 399 
30 



894 


IXDEX 


Maher, M. hi., Zinninger, M. M., Schiff, 
L., Shapiro, N., Some obsen-ations on 
gastritis and peptic ulcer, 32S 
Malaria, Liver function in therapeutic, 
90 

Malignant tumors in persons with cir- 
rhosis of the liver, 79S 
Man, absorption of sulfadiazine after 
oral and intraperitoneal administra- 
tion in dogs and after intraperitoneal 
and local administration in, 376 
McDonald, P. R., sec Machella, T. E., 
214 

McGuinness, A. C., Stokes, J., Jr., Arm- 
strong, J. C., Vacuum dried human 
serums in the prevention and treat- 
ment of certain of the common com- 
municable diseases, S26 
Medication by chewing sulfadiazine and 
other drugs incorporated in a paraffin 
base, 6 

Menkin, V., Kadish, M. A., Warren, 
A. A., Chemical fractionation from 
e.vudates of a factor promoting leuko- 
cytosis, 363 

AlethyJ-acetamidc with P-chloro-.vy'Ienol. 
Chemotactic effect on bone marrow, 
Leukocytosis induced by, 82 
Methylen'ebis (4-hydrosj-coumarin) (di- 
coumarin), A critical studj' of the 
action of 3-3', 24 

Meyer, L. M., Pcrlmutter, M., The ab- 
sorption rate from the bone marrow, 
187 

Meyer, 0. 0., see Bingham, J, B., 5S7 
Mice to murine poliomyelitis virus 
(Lansing strain). Effect of diet and 
food intake on response of, 4G5 
Miller, J. R., see Wagner, A., 325 
Minerals and the to.vcmias of pregnanev, 
399 

Mitchell, X., Angrist, A., Focal necrosis 
of the adrenal cortex, 549 
Moloney, W. E., The occurrence of al>- 
normal capillaiy fragility in the new- 
born, 229 

Monkeys, Aspirated bone marrow stud- 
ies in normal Mncacus rhesus, 5Sl 
Murpliy, D. P., Measurements of uterine 
contractions of 105 patients through- 
out labor, 153 

Murphy, F. D., Clark, J. Jv., Flippin, 
H. F., Studies on 2-sulfani!amido-4 
methyl-pyrimidine (sulfamcrizinc, sul- 
famethyidiazine) in man. 1. Absorp- 
tion, distribution and c.\cretion, 717. 
11. Toxic manifestations, S4G 
Murphy, J., see Bron=tcin, I, P., 114 
Myers, G. B., see Frisch, A. W., 771 
Myocardial infarction, ICxtrcme tachy- 
cardia, with report of non-fatal par- 
oxysms following, 52 

N 

Xaide, Meyer, Treatment of leg ulcers 
with blood and concentrated plasma, 
4S9 


Xausea and vomiting of pregnancy, 869 
Aecheles, H., see Kunstadter, R, H., 820 
Nwrosis of the adrenal cortex, Focal, 
o49 

Necturi, The determination of sodium in 
^ the glomerular fluid of, 153 
Xetsky, M., Loiter, S., Capillary permea- 
bility to horse protein in bum-shock, 
I o3 

Neurifis, The problem of primary- sciatic, 
625 

Xewbom, The occurrence of abnormal 
^ capillary fragility in the, 229 
Newman, B., Gitlow, S., Blood studies 
in the aged. The erj-throcyte in the 
aged male and female, 677 ' 

Newman, B., see Rafsky, H. A., 209 
Niacin (nicotinic acid) to porphyrinuria 
in the aged, Relationship of, 209 
Nicotinic acid (relation to metabolic 
rate and body temperature), The 
vasodilating effects of, 204 


O 

Obese individuals, The effect of a test 
meal high in fat on blood cholesterol in 
normal and, 77 

Oculi, Angioid streaks of the fundus, 301 
Oils, Production of cysts following intra- 
muscular injection of vegetable, 812 
O’NeUl, J. F., sec Willaucr, G. J., 334 
Opponhoim, E., Bniger, M., The effect 
of a test meal high in fat on blood cho- 
lesterol in normal and obese individ- 
uals, 77 

Oral and intraperitoneal administration 
in dogs and after intraperitoneal and 
local administration in man, .Absorp- 
tion of sulfadiazine after, 376 
"Oral cold vaccine,’’ A study on the 
value of a mt.vcd bacterial, 6S7 
Ornithosis (p.sittacosis). A report of 3 
cases, and a historical, clinical, and 
Jaborafoiy comp-'inson u'ith human 
atypical (viru.s) pneumonia, 1G2 
Otosclerosis, The surgical treatment of, 
604 

Ou.abain in rapid cardiac arrhythmi.i', 
The use of, 190 

Oxx'gcJi consumption of the sand crab, 
Emcrita talpoirla sai/, The innueiicc of 
season and temperature upon the, .310 


P 

Page, 1. H., Taylor. R. D., Kohhtae.it, 
K. G., A c.ase of extreme hypfJten-ion 
following neute arsenic i)oi-oning "ith 
adequate blood suppiv to (lie fi— m-. 
730 

Page, 1. IL, sec Abell, R. G.. 309 
see Shrader, .1. C., ,505 
see Taylor, R. D., CG 



INDEX 


895 


Page, R. C., De Beer, E. J., Production 
of cysts following intramuscular injec- 
tion of vegetable oils, 812 
The effect of storage at various tem- 
peratui’es on the prothrombin clot- 
ting time of human plasma, 257 
Paine, J. R., see Watson, C. J., 493 
Palmer, B., see Boyd, E. M., 532 
Pancreas to peptone, A further study of 
the effect of vagotomy on the secretory 
response of the, 466 

Pancreatica; Fat and protein absorption 
with and without replacement ther- 
apy, Postoperative achylia, 118 
Pancreatitis, The etiology and patho- 
genesis of acute hemorrhagic, 277 
Paraffin base. Medication by chewing 
sulfadiazine and other drugs incorpo- 
rated in a, 6 

Parkins, W. M., Lockwood, J. S., Studies 
on gelatin as a plasma substitute. I. 
Efficacy of gelatin in experimental 
hemorrhage and burn-shock, 876 
Parkins, W. M., see Koop, C. E., 876 
Pathogenesis of acute hemorrhagic' pan- 
creatitis, The etiology and, 277 
Pathologic lesions following the adminis- 
tration of sulfonamide drugs, 439 
Paulson, M., The present position of 
gastroscopy in the diagnosis of gastric 
disease, 792 

Pellet, S., Malignant tumors in persons 
with cirrhosis of the liver, 798 
Penicillin administered by intrathecal 
injection, The absorption, excretion 
and toxicity of, 342 
on cultures of mammalian lymph 
node. Effects of gramicidin, tyroci- 
dine and. Tissue culture studies on 
cytotoxicity of bactericidal agents, 
157 

Pennell, S., A platelet-red cell conjuga- 
tion phenomenon and its relation to 
blood coagulation, 562 
Peptic ulcer. Some observations on gas- 
tritis and, 328 

Peptone, A further study of the effect of 
vagotomj'' on the secretoiy response 
of the pancreas to, 466 
Perforation of the intestines, A case of 
toothpick, 807 

Perlmutter, M., sec Meyer, L. M., 187 
Permeability to horse protein in burn- 
shock, Capillarj', 753 
Pinta— A review of recent etiologic and 
clinical studies, 61 1 

Plasma proteins of beef, swine and 
human blood. The thrombic activity 
of a globulin fraction of the, 538 
substitute. Studies on gelatin as a. I. 

Efficacy of gelatin in experimental 
^ hemorrhage and burn-shock, 876 
The effect of storage at various tem- 
peratures on the prothrombin clot- 
ting time of human, 257 


Plasma, Treatment of leg ulcers with 
blood and concentrated, 489 
Platelet-red cell conjugation phenome- 
non and its relation to blood coagula- 
tion, A, 562 

Pneumococcic pneumonia: the selection 
and control of serum and chemother- 
apy by sputum examination, 771 
Pneumonia due to the Slreptococcus viri- 
dans, 765 

The comparative value of high and 
low doses of sulfadiazine in the treat- 
ment of pneumococcic, 197 
Pneumococcic; the selection and con- 
trol of serum and chemotherapy by 
sputum examination, 771 
Primary Friedlander, 660 
Pneumonic rats. Cholesterol in the lung 
and serum of normal, 525 
Poliomyelitis and virus detection. The 
infectious period of, 454 
virus (Lansing strain). Effect of diet 
and food intake on response of mice 
to murine, 465 

Popp, W. C., see Currens, J. H., 780 
Porphyrinuria in the aged. Relationship 
of niacin (nicotinic acid) to, 209 
Postoperative achylia pancreatica; fat 
and protein absorption with and with- 
out replacement therapy, 118 
Potential of ventricular origin. Studies 
on the distribution of, 154 
Pre-cardiac stage. Treatment of the 
hypertensive patient in the, 696 
Pregnancy, Minerals and the toxemias 
of, 399 

Nausea and vomiting of, 869 
Prevention and treatment of certain of 
the common communicable diseases. 
Vacuum dried human serums in, 826 
of infectious ulcerative cecitis in the 
young of rats by chemotherapy of 
the mother, 383 

Price, A. E., see Frisch, A. W., 771 
Primarj”^ Friedlander pneumonia, 660 
Primarj^ sciatic neuritis. The problem of, 
625 

Privine HCl as a nasal vasoconstrictor, A 
note on the evaluation of, 122 
Proff, S., sec Gorham, L. W., 246 
Promin (sodium P,P'-diaminodiphenyl- 
sulfone-N,N'-didcxtrose- sulfonate) on 
the eiythrocytes of guinea pigs. Toxic 
effects of, S34 

Protein absorption with and without re- 
placement therapy. Postoperative 
achylia pancreatica, fat and, 118 
in burn-shock, Capillarj- permeability 
to horse, 753 

The specific dynamic action of, 414 
Prothrombin clotting time of human 
plasma. The effect of storage at 
various temperatures on the, 257 
Studios on. II. The effects of a single 
small dose of dicumarol (3,3' methyl- 
enebis (4-hydroxycoumarin)) in liver 
' diseases, SOS 



S96 


INDEX 


Psychoses of the senium, The role of 
heart disease in the, 4S 
Pulmonary embolism. Clot retraction 
time in thrombophlebitis and, 727 
Purpura caused by sulfonamide drugs, 
Thrombocytopenic. A report of 3 
cases, 246 

Pyelograms in patients with essential 
and malignant hypertension, 505 

E 

Rafsky, H. A., Newman, B., Relation- 
ship of niacin (nicotinic acid) to por- 
phjTinuria in the aged, 209 
Rammelkamp, C. H., Keefer, C. S., The 
absorption, excretion and toxicity of 
penicillin administered by intrathecal 
injection, 342 

Randall, M. G., see Siegel, M., 687 
Ratcliffe, H, L., see Koop, C. E., S76 
Rats by chemotherapy of the mother, 
Prevention of infectious ulcerative 
cecitis in the young of, 383 
Ravdin, I. S., see Zintel, H. A., 756 
Reid, M., see Siegel, M., 687 
Race and se.x. Gallop rhythm— incidence 
and the influence of age, 814 
Reactions resulting from the readminis- 
tration of sulfadiazine. Febrile, 841 
Redish, M. H., see Shapiro, S., SOS 
Renal artery and hypertension, Relation- 
ship between arteriosclerosis of tlie, 
701 

Replacement therapy. Postoperative 
achylia pancreatica; Fat and protein 
absorption with and without, 118 
Respiratory reactions to hypoxia in the 
normal unanesthetized dog, The, 311 
Eeviews (Reviewer’s initials in par- 
entheses) : 

Adelman, The Embryological Treatises of 
Hieronymus Fabriciu‘« of Aquupendente. 

^ *' ~^ja:andoftheChick. 

K,). S79 

A1 ' • ■ 'to Rebuild Men — 

An Autobiography (J. L.). 761 
Androvs, Manual of Oxygen Therapy Tecli- 
niques (C. C.). 437 

Army Medical Museum, Allas of Dental and 
Oral Palholog.v (E. K-), 426 
Array Medical Mu«ouiti, Atlas of Ophthal- 
mic r *’ • - - 'T- K ' 

Army**' . ■ '■ of Otolaiynpic 

Patl ’ , , j 

Barnes. Endo>copic I’ro^tatic Surgery (L, 
h.). 8S2 . _ 

Beck, Ob’^telrical Practice (D. M.), 603 
Beh’hcH, First Aid and Bandaging (E. K.), 
757 ^ 

Bennett, Changes in the Knee Joint at \ an- 
ous Ages (P. C.>, 137 

Bierman. Medical Applications of the Short 
Wave Current (J. M.). 264 
Birkeland, Microbiologj* and Man (Ff. iSf.), 
597 

Blanton, A Handbook of Allcrg\' for Sludie-* 
and Practitioner*! (M, M.), I3l 
Bochner, The Clinical Application of the 
Koi^chach Te^t (N. Y.), 43-1 
Bo^ d. Fundamentals of Immunologj* ( H. ^f.) 

Bo>d. Surgical F’athologj' (E. K.), 431 
Burke. Modern Treatment of VVnereal Dfc« 
ea-^e* (E. K.), 7C2 


Eei’ieies (Reviewer’s initials in par- 
entheses) 

Caldwell, Treatment o[ rracture< (E. I'.,), 
602 

Cattell, Biological S.vmposia, Vok VII (J. C.). 
265 

Cecil, Textbook of Medicine (M. T.), 26S 
Ciiristian, Oaler's Principles and Practice of 
Medicine (E. K.), 420 
Coca, Food-Al!erg>- (M. T.), COO 
Cohn, Proteins, Amino Acids and Peptiden as 
Ions and Dipolar Ions (H. V.). SS4 
Cole, First Aid (M. F.), 239 
Corner, The Hormones in Human Reproduc- 
tion (I. Z.), 130 

Crilo, The Ho?pital Care of the Surgical 
Patient (L. S.), 509 

Crohn, Understand Your Ulcer (T. M.), 596 
Dack, Food Poisoninp (F. E.), 760 
Damesbek, Hemol>tic Sjndronicb (E. K.), 
131 

Davies, War Injuries of tlie Clu^t (T. T.)^ 
SS5 

Dyke, Roentgen Treatment of l)i'*t‘a‘*e3 of 
the Nervous System 0*. 1,.), 260 
Evans, C. L., Starling’s Principles of Human 
T^hysioioR} (S. G.), 431 
Evans, E. A.. The Biological Action of the 
Vitamins {E. W.), 8S0 
Fubricant, Nasal Medication— A Practital 
Guide (K. H.), 75S 

Fry, Mental Health m College (T. M.), 599 
Gage, The Micro«corc (E. I\.), 436 
Geist, Ovarian Tumors (M. T.), 760 
Cerling, The Sight Saver (P. A.), 762 
Geschickter, r)isea‘*e3 of the Brea«»l ll. Z.), 
75S 

Glasstone. The Foot! You Eat: A Practical 
Guide for Home Nutrition (D. T ), SSI 
Hadfiold, Ucceiil Advances in Pathology 
(M. T,), 2CS 

Hamburger, Manual of Exi>erimcntul Em- 
bryology' (C. P.), 130 

Handbook of the Lvmg-ln Ho-pital (D, M.>, 
139 

Harrow, Textbook of Biochcmi'‘try (J. J.). 
43S 

Herrick, A Short History of Cardiology 
(E. K.),264 

Herrold, Chemotherapy of Gonococcic Infec- 
tions (L. L.), 8S1 

HofT, A Bibhogniphy of AMation Medicine 
(W. S.), 433 

Hunt. Hou to Live in the Trojiics (E. W.). 
133 

Jackson, Di'*ea'‘e'« and Injurien of the 
I,arynx (K. H.), 133 

Johti<*to 2 i, TheReJ.ilion of OTtain Amunahes 
of Vision and Lateral Doinmance to Read- 
ing Disability (P. A.). b03 
Jordan, Textbook of Kmliryologj (R WL 
202 . . . , 
Kt»ch, Biological SymtHiMa, Vol. IX tC. / ). 
435 

D'vuison, Clinical I,aboral<)ry Diagno-is 
(M. P.>, SSI 

Lichtman, Di-eak#*^ of tlie I,i\er, (lutlblatider 
and Bile Duct fT. M.), 598 
Luck, Annual Re%'iew of Biochemistry , Vol. 
XI (J. J.). SS2 

Lundy*. Clinical Am-sthesia (U D.). 4.10 
Mackinto-h. Wnrand the I)o<*tor (J. ID. .V'S 
Magnnson. Fracture* (E. L.), 603 
Master. The Elcclrocardu/gram niid A**Rs\ 
Configuration of the Heart (T. M 1, 2o2 
AlcCormick, The Metabolic Cte-t of Main- 
taining a Standing Poition <M. T ), 
McGuigan. An Intro<fuction to^ Materia 
Medica ami Pliarmacofogy (J. C.). 137 
.Medical Ottjin of North America. Vol 
No. 6 (W, K.), 436; Vol. 27. No. 1 (N. R I. 

Mcnninger, I,ove Against If.ate /P. M.l. 
Military Surgical Manual If, 0phth3lfr;o.'''srj 
and Otolary ngology (I. L ). 5''*' , 

.Military .•’^urgical ManuaB. IN. 

Subject* (M. T.>, 75i 



INDEX 


897 


Reviews (Reviewer’s initials in par- 
entheses) : 

Monsarrant, My Self, My Thinking, My 
Thoughts (N. Y.), 2G5 
Moon, Shock, its Dynamics, Occurrence and 
Management (N. F.), 133 
Moulton, Fluorine and Dental Health (J. A.), 

134 

Mudd, Blood Substitutes and Blood Trans- 
fusion (M. T.), 428 

Muir, Text Book of Pathology (E. K.), 262 
Myers, Laboratory Directions in Biochemis- 
try (J. J.), 267 

Nedzel, Vascular Spasm; Experimental 
Studies (M. T.), 884 

Needham, Biochemistry and Morphogenesis 
(D. C.), 883 

Neurosurgery and Thoracic Surgery, Vol. 
VI (T. T.), 885 

Nye, Medical Progress Annual, Vol. Ill 
(H. M.), 134 

Ormsby, Diseases of the Skin (H. B.l, 880 
Paul, The Epidemiology of Rheumatic Fever 
and Some of Its Public Health Aspects 
(E. K.), 886 

Pillsbury, Manual of Dermatology (J. K.), 
427 , 

Preu, Outline of Psychiatric Case-Study 
(N. Y.), 595 

Quick, The Hemorrhagic Diseases and the 
Physiology of Hemostasis (J. R.), 432 
Ranson, The Anatomy of the Nervous Sys- 
tem (iM. H.), 438 

Rapaport, Emotions and Memory (N. Y'.), 
760 

Reed, The Essentials of Occupational Dis- 
eases (A. H.), 263 

Rehfuss, Indigestion. Its Diagnosis and 
Management (T. M.), 761 
Roberts, Psychology You Can Use (E. F.)r 
882 

Rockefeller Institute, Virus Diseases (M.M.), 
595 

Rolleston, The British Enoyclopaidia of 
Medical Practice (E. K.), 138 
Rosenberg, Chemistry and Physiology of the 
Vitamins (J. J.), 435 

Roulet, Her6dit6 Mendelienne et Analyse 
Combinatoire (C. Z.), 203 
Schaefer, Morris' Human Anatomy (M. T.), 
429 

Sheldon, The Varieties of Temperament 
(O. R.), 427 

Skladal, The Pleuro-subpleural Zone (R. B.), 

135 

Speed, Fractures and Dislocations (J. R.), 

433 

Spink, Sulfanilamide and Related Com- 
pounds in General Practice (J. L.), 132 
Steele, Advances in Internal jledieine 
(T. M.), 597 

Sterba, Introduction to the Psychoanalytic 
Theory of the Libido (N. Y'.), 431 
Stern, Mental Illness: A Guide for the Fam- 
ily (E. K.), 137 

Strecker, Fundamentals of Psvchiatry 
(N. Y.), 432 

Stuhlman, An Introduction to Biophysics 
(M. L.), 883 

Taylor, F. S., The Conquest of Bacteria 
From Salvarsan to Sulphapyridine (C. S.), 

434 

Taylor, J. W., Lymph Node Metastases 
(W. E.), 758 

Todd, Clinical Diagnosis (M. T.), 764 
Trueta, The Principles and Practice of War 
Surgery With Reference to the Biological 
Method of the Treatment of War Wounds 
and Fractures (J. R.), 882 
I’an Liere, -Ynoxia. Its Effect on the Bodv 
(C. S.), 433 

Vaughan, Primer of Allcrgj- (M. T.), 885 
Walls, The Vertebrate Eye (F. A.), 757 
Walters, Carcinoma of the Stomach (M. T.), 
600 

Wechslcr, A Textbook of Clinical Neurology 
(S. IL), 43S 


Reviews (Reviewer’s initials in par- 
entheses) : 

Weiss, Psychosomatic Medicine (N. Y.), 596 
Wirz, Ceylon (E. K.), 135 
Woods, Selection of Officer Candidates 
(H. H.), 884 

Zondek, The Antigonadotropie Factor, with 
Consideration of the Antihormone Prob- 
lem (I. Z.), 602 

Rheumatic heart disease in autopsied 
cases, Rheumatoid arthritis and, 42 
Rheumatoid arthritis and rheumatic 
heart disease in autopsied cases, 42 
Rhoads, C. P., see Klopp, C. T., 852 
Rhoads, J. E., see Zintel, H. A., 756 
Riboflavin deficiency in man. Experi- 
mental, 544 

intake and thiamin excretion in man, 
The relationship between, 852 
therapy in patients with the accepted 
picture of riboflavin deficiency. 
Failure of. Studies of the B vita- 
mins in the human subject, 214 
Richardson, R., see Sevag, M. G., 877 
Riegel, C., see Koop, C. E., 876 
Rosen, S. R., Smith, K. L., The role of 
heart disease in the psychoses of the 
senium, 48 

Ryan, E., see Boehrer, J. J., 544 

S 

Sand crab, Emerita lalpoida say, The in- 
fluence of season and temperature 
upon the oxygen consumption of the, 
310 

Schiff, L., see Maher, M. M., 328 
Schneider, R. W., sec Bernhart, F. W., 
636 

Schwind, J. L., see Gorham, L. W., 246 
Sciatic neuritis. The problem of primarv, 
625 

Season and temperature upon the oxj'- 
gen consumption of the sand crab, 
Emerita ialpoida say, The influence of, 
310 

Senium, The role of heart disease in the 
psychoses of the, 48 

Serum and chemotherapy by sputum ex- 
amination, The selection and con- 
trol of, Pneumococcic pneumonia, 
771 

of normal pneumonic rats. Cholesterol 
I in the lung and, 525 
I Serums in the prevention and treatment 
of certain of the common communi- 
cable diseases, Vacuum dried human, 
826 

Sevag, M. G., Henry, J., Richardson, R., 
Further studies on the mode of action 
of sulfonamides, 877 
Sex, Gallop rhythm— incidence and the 
influence of ago, race and, 814 
Shapiro, N., sec Maher, M. M., 328 
Shapiro, S., Redish, M. H., Camiibell, 
H. A., Studies on prothrombin. II. 
The effects of a single small dose of di- 
cumarol (3,3'-methylenebis (4-hydro\- 
ycoumarin)) in liver disease, SOS 



S9S 


INDEX 


Shrader, J. C., Young, J. M., Page, I. H., 
Pyelograms in patients with essential 
and malignant hypertension, 505 
Siegel, M., Randall, M. G., Hccker, M. 
D., Reid, M., A study on the value of a 
mixed bacterial “oral cold vaccine.” 
GS7 

Simon, M. A., Pathologic lesions follow- 
ing the administration of sulfonamide 
drugs, 439 

Skin, Studies on the penetration of sul- 
fonamides into the. I. Penetration of 
sulfonamides from various ointment 
h^es into the intact skin of guinea 
pigs; and a new method of anah-sis of 
tissue sulfonamides, 51S 
Smith, K. L., see Rosen, S. R., 4S 
Sodeman, William A., Some clinical as- 
pects of recent vitamin advances, 141 
Sodium citrate. The treatment of lead 
poisoning bj', 400 

in the glomerular fluid of necturi. The 
determination of, 153 
sulfathiazole in various clinical condi- 
tions, The subcutaneous adminis- 
tration of, 703 

Solis-Cohen, L., sec Freedman, P., 692 
Solomon, C., see Lisa, .f. R., 701 
Solomon, H. C., sec Kopp, I., 90 
Solomon, S., Kalkstcin, M,, Pneumonia 
due to tiic Streptococcus vin'dans, 765 
Sommer, H. E,, sec Harris, T. N., 1 
Specific gravity of whole blood and 
scrum, The, 356 

Spindler, H. A., sec Karilicr, D. H., 369 
Spitz, S. H., sec Loughlin, E. H,, 223 
Splenic venous blood, A study of the. 
With particular reference to the hema- 
tocrit percentage and tlie hemoglobin 
concentration of the en.'throcytes, 
before and after splenic arterial injec- 
tion of adrenalin, 493 
Sputum examination. The selection and 
control of scrum and chemothempy 
by, Pnoumococcic pneumonia, 771 
Stanford, C. E., see Bochrer, J._J., 544 
Starin, W. A., sec Grubaugh, K. K., 709 ] 
Starr, I., Clinical studies on incoOrdina- j 
tion of the circulation, S7S 
Stead, E. A., see Warren, J. V., 501_ 
Stewart, D. R., sec Jacobs, M. H., 154 
Stokes, J., Jr., see McGuinness, A. C., S2G 
Storage at \-arious temperature.-. The 
effect of, on the prothrombin clotting j 
time of human plasma, 257 j 

Strakosch, E. A., Clark, IV. G., Studies I 
on the penetration of sulfonamides j 
into the skin. I. Penetration of stil- 
fonamides from variou-s ointment bases ■ 


Streptococcus viridans, Pneumonia due to 
the, 765 

Studies On 2-sulfanilamido-4-mcthyl-pv- 
rimidine (sulfamcrazine, sulfam"eth\d- 
diazine) in man. I. .-Ibsorption, dis- 
tribution and c.xcretion, 717; II. To.xic 
manifestations, 846 

Suarez, R. M., Diaz-Rivenr, R. S., ller- 
nandcz-Moralcs, F., .Aspirated bone 
m.arrow studies in normal Maencus 
rhesus monkeys, 5Sl 
Subcutaneous administration of .sodium 
sulfathiazole in various clinical condi- 
tions, The, 703 

Sulfadiazine after oral and intraperito- 
ncal administration in dogs and 
after intraperitoncal and loc.al ad- 
ministration in man, absorption of, 
376 

and other drugs incorporated in a 
paraffin base, Medication by clictv- 
ing, 6 

Febrile reactions resulting from the re- 
administration of, S41 
in the treatment of pneumococcic 
pneumonia, The comparative \'nhie 
of high and low doses of, 197 
Sulfathiazole in various clinical condi- 
tions, The subcutaneous administra- 
tion of sodium, 703 

Sulfonamide drugs, Pathologic Ic.sions 
followingthcodministnRionof,439 
Thrombocytopenic purjnini cau.sed 
by. A report of 3 cases, 240 
micro-crystals by inhalation. The ad- 
ministration of, 1 

Sulfonamides, Further shidies on the 
mode of action of, 877 
into the skin, .Studies on the penetra- 
tion of. I. Penetration of sulfona- 
mides from various ointment basr.s 
into the intact .skin of guinea pig.s; 
and a new method of analy.si.s of 
I tis.-iue sulfonamiiles, 518 
iSundcrmau, F. W., The water and elec- 
trolyte distribution in di.abete.s melli- 
tus." Dehydration in iiiabete.s 102 
Surgieal treatment of otosclerosi.s, The, 
604 

Swe.at, Tlie antibacterial artion of the 
lactic arid and volatile fatty acids of, 
785 

.Swine and luimau blood. The Ihroinbie 
activity of a glnl)ulin fraction of tlie 
plasma proteins of beef, 53S 
Sympathomimetic amines iiiwui total 
boily water, Tlio effect of adrenaline 
and, 532 

T 


into the intact skin of guinea pigs; and 
a new method of annlysi.= of tis.mc sul- 
fonamides, 518 

Strauss, S., Langemiorf, Ji., Bilateral 
partial bundle branch block, 2.33 
Streptococcal infections, The fibrinolysin 
test following hemolytic, 350 


Tachycardia, Extreme: with rejiort of 
non-fatai paro\'y.-ni.- following myo- 
cardial infarction, .52 „ , , 

Talljot, T. H., .Adcock, J. D., ehri!.- 
reactions resulting from the readnuiu^' 
tration of sulfadiazine, 841 



INDEX 


899 


Tannic acid on the cell surface, Some 
effects of, 154 

Target-oval cell syndromes. Familial 
Mediterranean, 643 

Taylor, F. H. L., see Adams, M. A., 538 
Taylor, R. D., Page, I. H., The effect of 
antipressor kidney extract, angiotonin 
(etc.) on cardiac output as measured 
by the ballistocardiograph in hyper- 
tensive and normal person, 66 
Taylor, R. D., see Page, I. H., 730 
Temperature upon the oxygen consuinp- 
tion of the sand crab, Emerita talpoida 
say, The influence of season and, 310 
Temperatures on the prothrombin clot- 
ting time of human plasma, The effect 
of storage at various, 257 
Test meal high in fat on blood cholesterol 
in normal and obese individuals, The 
effect of a, 77 

Thiamin excretion in man. The relation- 
ship between riboflavin intake and, 852 
Thomas, J. E., see Crider, J. 0., 466 
Thrombic activity of a globulin fraction 
of the plasma proteins of beef, swine 
and human blood. The, 538 
Thrombocytopenic purpura caused by 
sulfonamide drugs. A report of 3 
cases, 246 

Thrombophlebitis and pulmonary em- 
bolism, Clot retraction time in, 727 
Thrombosis, Vasomotor and other reac- 
tions to injuries and venous, 313 
Tissue culture studies on cytotoxicity of 
bactericidal agents. I. Effects of 
gramicidin, tyrocidine and penicillin 
on cultures of mammalian lymph node, 
157 

Toothpick perforation of the intestines, 
A case of, 807 

Toxemias of pregnancy. Minerals and 
the, 399 

Toxic effects of promin (sodium P,P'- 
diaminodiphenyl - sulfone - N,N' - di- 
dextrose sulfonate) on the erythro- 
cytes of guinea pigs, 834 
Toxicity and elimination of gelatin. Ob- 
servations on, 876 

Treatment of certain of the common 
communicable diseases, Vacuum 
dried human serums in the preven- 
tion and, 826 

of leg ulcers with blood and concen- 
trated plasma, 489 

of the hypertensive patient in the pr^ 
cardiac stage, 696 
Tuberculosis in industrj’’, 571 
Tumors in persons with cirrhosis of the 
liver, Malignant, 798 
Tyrocidine and pencillin on cultures of 
mammalian lymph node. Effects of 
gramicidin. Tissue culture studies on 
cytotoxicity of bactericidal agents, 157 
Tyrosine tolerance test, A new test of 
liver function. The, 636 


TJ 

Ulcer, Some observations on gastritis 
and peptic, 328 

Ulcerative cecitis in the young of rats 
by chemotherapy of the mother, Pre- 
vention of infectious, 383 
Ulcers with blood and concentrated plas- 
ma, Treatment of leg, 489 
Uterine contractions of 105 patients 
throughout labor, Measurements of, 
153 

V 

Vaccine, A study on the value of a mixed 
bacterial oral cold, 687 
Vacuum dried human serums in the pre- 
vention and treatment of certain of 
the common communicable diseases, 
826 

Vagotomy on the secretory response of 
the pancreas to peptone, A further 
study of the effect of, 466 
Van Alyea, 0. E., see Fabricant, N. D., 
122 

Vars, H. M., see Koop, C. E., 876 
Vascular reactions; (1) during shock; 
(2) following removal of large amounts 
of blood, 309 

Vasoconstrictor, A note on the evalua- 
tion of privine HCL as a nasal, 122 
Vasomotor and other reactions to injur- 
ies and venous thrombosis, 313 
Vegetable oils. Production of cysts fol- 
lowing intramuscular injection of, 812 
Venom, The clotting action of fer-de- 
lance, 16 

Venous pressure of normal subjects. The 
effect of the accumulation of blood 
in the extremities on the, 501 
thrombosis. Vasomotor and other re- 
actions to injuries and, 313 
Ventricular origin. Studies on the distri- 
bution of potential of, 154 
Virus detection. The infectious period of 
poliomyelitis and, 454 
Vitamin advances, Some clinical aspects 
of recent, 141 

K-like substance. Clinical experience 
with a water-soluble, 97 
Vitamins in the human subject. Studies 
of the B. VI. Failure of riboflavin 
therapy in patients with the accepted 
picture of riboflavin deficiency, 214 
Volatile fatty acids of sweat, The anti- 
bacterial action of the lactic acid and, 
785 

Vomiting of pregnancy, Nausea and, S69 
W 

Wagener, H. P., Angioid streaks of the 
fundus oculi, 301 

Wagner, A., Miller, .1. R., Cholesterol in 
the lung and serum of normal pneu- 
monic rats, 525 



900 


IXDEX 


War, The child in, SoS 
Warren, A. A., see Menkin, V., 363 
Warren, J. V., and Stead, E. A., The ef- 
fect of the accumulation of blood in 
the extremities on the venous pressure 
of normal subject, 501 
Water and electrolyte distribution in dia- 
betes mellitus. ' Dehydration in dia- 
betes, The, 102 

Water-soluble vitamin K-likc substance. 
Clinical experience with a, 97 
Watson, C. J., Paine, J. R., A study of 
the splenic venous blood. With par- 
ticular reference to the hematocrit 
percentage and the hemoglobin con- 
centration of the ciythrocjdes, before 
and after splenic arterial injection of 
adrenalin, 493 

Weber, Harrj' M., Angiocardiography, 
747 

Weight reduction. Studies on the effect 
and mechanism of amphetamine sul- 
fate on, 820 

Weiss, B. P., see Alpers, B. J., 625 
Wenstrand, D. E. W., see Feldt, R. H., 
61 

Willauer, G. J., O’Neill, J. F., Late post- 
operative follow-up studies on patients 
with recurrent appendicitis, 334 
Wolferth, C. C., Livezey, M. M., Wood, 
F. C., Distribution of the patterns of 
ventricular potential which determine 
the forms and significance of electro- 
cardiograms, 469 


Wolferth, C. C., Tave/ey, M. M., Wood, 
F. C., Studies on the distribution of 
pwtenti.al of ventricular origin, 151 
Wolman, I. J., The child in war, S5S 
Wood, F. C., see Wolferth, C. C., 154, 
469 


X 

Xanthomatosis — lland-Schuller-Chris- 
tian type; report of a case with pul- 
monary fiiirosis, 780 


y 

Yannet, H., I.eibovitz, A., The fibnnoly- 
sin test following hemolytic strepto- 
coccal infections, 350 
Young, J. M., sec Shrader, .1. C., 505 


Z 

Zinninger, M. M., scr Maher, M. M., 328 
Zintcl, H. A., Rhoads, ,7. E., ftavdin, I. 
S., Intravenous ammonium chloride 
of the treatment of alkalosis, 750 
Zondek, B., Bromberg, Y. M., Leuko- 
cytosis induced by methyl-acetamide 
with P-chloro-xylenol. Chemotactic 
effect on bone marrow, 82 




